UNCLASSIFIED 


r 


ReftAoduced 
^  the 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTW  12,  VIRGINIA 


UNCLASSIFIED 


Best 

Available 

Copy 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  euay 
other  person  or  corporation,  or  conveying  Euiy  ri^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


00 

AID  Report  B-63-10  11  January  1963 

00 

Oi 

Csi 


'*=r: 

C--I 
«=:■  ■ 


X-RAY  AND  OPTICAL  SPECTRA 
Annotated  Bibliography  of  Soviet  Literature 
(Preliminary) 


«r>::  •? 

: 


Work  Assignment  No.  43 
Task  2 


Aerospace  Information  Division 
Library  of  Congress 


AID  Report  B-63-10 


11  January  1963 


X-RAY  AND  OPTICAL  SPECTRA 
Annotated  Bibliography  of  Soviet  Literature 
(Preliminary) 


Work  Assignment  No.  43 
Task  2 


The  publication  of  this  report  does  not  consti¬ 
tute  approval  by  any  U.  S.  Qovemment  organiza¬ 
tion  of  the  Inferences,  findings,  and  conclusions 
contained  herein.  It  Is  published  solely  for  the 
exchange  and  stimulation  of  Ideas. 


Aerospace  Information  Division 
Library  of  Congress 


FOREWORD 


The  bibliography  has  been  prepared  In  response 
to  AID  Work  Assignment  No.  43>  Task  2  (Preliminary), 
and  Is  based  on  Soviet  open-source  materials  avail¬ 
able  at  the  Aerospace  Information  Division  and  the 
Library  of  Congress.  Only  information  relevant  to 
astrophysics  Is  Included.  Titles  of  Soviet  mono¬ 
graphs  are  given  In  the  transliterated  form,  follow¬ 
ed  by  the  English  translation.  Library  of  Congress 
call  numbers  are  Included  at  the  end  of  an  entry  when 
the  Item  Is  cataloged  and  available  In  the  Library's 
collections . 

Part  One,  on  x-ray  spectra,  contains  sections  on 
x-ray  spectroscopy  and  solar  x-ray  radiation.  Part 
Two,  on  optical  spectra,  contains  sections  on  oscil¬ 
lator  strengths  and  related  quantities,  wave  func¬ 
tions,  and  theoretlcail  developments.  Individual  sec¬ 
tions  are  further  subdivided  as  appropriate.  Arrange¬ 
ment  of  the  70  entries  Is  chronological  within  each 
subdivision.  The  Appendix  lists  areas  of  Intensive 
Soviet  activity  In  x-ray  research  not  covered  In  the 
present  bibliography. 

The  treatment  of  individual  sources  has  been 
kept  flexible,  varying  from  brief  summaries  of  only 
a  few  lines  In  the  case  of  works  of  marginal  Interest 
to  full  abstracts  or  extensive  sunuaarles  of  pertinent 
papers.  In  many  cases.  Important  theoretical  calcu¬ 
lations  are  reproduced  step  by  step.  Extensive  use 
has  also  been  made  of  tabulated  material.  In  all,  the 
bibliography  contains  62  tables.  To  facilitate  pub¬ 
lication,  the  tables  for  Part  Two  are  placed  after 
the  text  and  keyed  to  their  original  sources  by  num¬ 
bers  In  brackets  placed  after  each  caption.  In  the 
data  columns  of  many  of  the  tables  photoreproduced 
from  the  original  sources,  commas  are  used  to  desig¬ 
nate  decimal  points. 
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INTRODUCTION 


In  Part  One,  the  following  subjects  are  emphasized:  abso¬ 
lute  Intensities,  aatelllte  llpes,  line  widths,  fluorescence  yields, 
and  oscillator  strengths  and  related  quantities.  Particular  attention 
Is  paid  to  theoretical  developments  and  calculation  results.  The 
orientation  of  the  report  to  Soviet  x-ray  research  relevant  to  astro¬ 
physics  precludes  the  Inclusion  of  a  great  deal  of  Soviet  material 
available  on  x-ray  spectra.  Many  such  research  papers  contain  data 
useful  to  scientists,  and  for  this  reason  the  major  fields  of  x-ray 
spectra  not  Included  In  .this  report  but  given  extensive  coverage  In 
the  Soviet  open  literature  are  listed  In  the  Appendix. 

Although  a  considerable  amount  of  material  on  x-ray  spectra 
Is  available  In  Soviet  periodicals  and  monographs,  the  number  of 
papers  published  by  Soviet  scientists  Is  many  times  smaller  than  the 
number  of  corresponding  Western  publications.  Most  of  the  Soviet 
x-ray  research  has  been  performed  since  World  War  II.  Prior  to  1930, 
no  significant  contributions  were  made  by  Soviet  scientists  In  the 
field  of  x-ray  spectroscopy.  Even  during  the  earlier  part  of  the 
1930 *s,  precision  Instruments  necessary  to  carry  out  experimental 
research  were  unavailable.  Some  of  the  necessary  equipment  was  pre¬ 
sented  to  the  Soviet  Union  by  British  physicists  In  the  middle  of 
that  decade.  During  World  War  II,  research  was  conducted  on  a  very 
limited  scale.  Compared  to  the  West,  the  volume  and  the  Importance 
of  the  Soviet  research  prior  to  19^5  In  all  areas,  except  for  x-ray 
spectral  analysis.  Is  negligible.  Since  19^5,  however,  the  amount 
of  research  and  the  number  of  scientists  so  engaged  have  been  Increas¬ 
ing  rapidly. 

The  greater  part  of  the  current  research  on  x-rays  Is  de¬ 
voted  to  x-ray  spectral  analysis,  applications  to  solid-state  physics, 
and  Investigation  and  Interpretation  of  the  fine  structures  of  x-ray 
absorption  spectra  of  alloys,  compounds,  and  solid  solutions. 

Judging  by  the  large  number  of  Western  references  In  Soviet  papers, 
one  can  say  that  Western  research  has  been  widely  disseminated  and 
applied  to  current  problems.  As  a  result,  Soviet  x-ray  specialists 
have  been  able  to  forge  ahead  in  many  areas  within  a  relatively  short 
time.  This  Is  especially  true  of  developments  of  the  last  10  years. 

In  that  time,  significant  contributions  have  been  made  In  several 
areas:  theories  of  the  fine  structure  of  absorption  spectra  and  the 
temperature  dependence  of  fine  structure,  determination  of  atomic  and 
crystal  structures,  bonding  forces,  and  methods  of  correcting 
x-ray  spectra  for  various  types  or  distortion.  Excellent  spectro¬ 
graphs  and  accessory  equipment  have  been  developed  and  used  extensively 
in  experimental  research. 
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The  extent  of  Soviet  research  in  x-ray  spectra  can  be 
exemplified  by  an  analysis  of  the  bibliography  to  one  of  the  major 
Soviet  works  In  the  field;  M.  A„  Blokhin's  Fizika  rentgenovskikh 
luchey  (Physics  of  X-Rays),  Moscow,  1957  [l?].  A  breakdown  of  the 
entries  according  to  origin  can  serve  to  Indicate  the  relative 
strength  of  Soviet  and  non-Soviet  research o  The  table  given  below 
shows  the  number  of  Soviet  and  non-Soviet  publications  cited  at  the 
end  of  each  dhapter.  Prom  the  table,  one  can  conclude  that  the 
overall  Soviet  contribution  prior  to  I958  has  been  rather  minor  ex¬ 
cept  In  fine  structure  of  x-ray  spectra,  generation  and  resolution 
of  x-rays,  and  methods  of  measuring  intensities  of  x-ray  spectral 
lines. 


Less  than  10  of  the  Soviet  references  to  periodical  llt- 
emture  are  dated  prior  to  19^0,  while  the  number  of  Western  refer¬ 
ences  for  the  same  period  exceeds  150.  Even  more  Illustrative,  the 
tabulated  data  on  energy  levels  of  atoms,  photon  energies  of  the 
chief  and  absorption  edges  of  the  K  and  L  series,  relative 

line  Intensities,  and  line  widths  were  compiled  from  72  sources, 
all  Western,  published  between  1936  and  1957. 

The  x-ray  data  directly  pertinent  to  this  report  are  also 
scarce.  For  example,  only  six  articles  dealing  with  fluorescence 
yields  were  found  In  the  Soviet  literature.  Three. of  these  gave 
experimental  values  of  fluorescence  yields  measured  by  Soviet  scien¬ 
tists;  the  other  three  dealt  mainly  with  the  Auger  effect  but  con¬ 
tained  fluorescence  yield  data  and  were  therefore  Included.  One  of 
the  latter  [9]  contains  a  comprehensive  survey  of  theoretical  and 
experimental  developments  In  x-ray  fluorescence  yields  based  on  68 
references,  only  four  of  which  are  Soviet.  Of  these  four,  one  deals 
with  nuclear  decay,  two  with  internal  conversion,  and  only  one  pro¬ 
vides  experimental  values  of  K  and  L  fluorescence  yields.  The  sec¬ 
tion  cn  K  fluorescence  yields  In  the  same  article  Is  based  exclusively 
on  literature  published  between  I957  and  i960.  For  developments 
prior  to  1957 ^  the  author  suggests  two  other  review  papers,  both 
by  Western  scientists. 

Part  One  also  contains  artlc3.es  on  solar  x-ray  emission 
and  the  application  of  solar  x-ray  emission  data  to  the  Interpreta¬ 
tion  of  some  phenomena  and  processes  in  the  earth’s  atmosphere. 

Articles  concerning  x-ray  data  recorded  by  Soviet  rockets  and  satel¬ 
lites  are  not  Included.  Since  Soviet  astrophysicists  and  astronomers 
generally  make  no  distinction  between  solar  x-ray  emission  and  solar 
ultraviolet  emission,  but  group  them  together  under  the  terns  "ultra¬ 
violet"  or  "shortwave"  radiation,  articles  dealing  with  these  topics 
are  included  If  they  contain  significant  data  on  x-ray  emission. 

Papers  dealing  exclusively  with  solar  ultraviolet  emission  are 
omitted.  In  the  last  two  years,  several  significant  papers  on 
shortwave  solar  radiation  have  been  published  by  G„  S..  Ivanov -Kholodnyy 
and  G.  M,  Nlkol’skly,  In  [20]..  a  method  is  developed  for  calculating 
the  absolute  line  Intensities  of  solar  shortwave  radiation  indepen¬ 
dently  of  a  solar  model.  This  method  was  used  to  calculate  the  abso- 


Breakdown  of  References  According , to  Origin 


Title 

Total 

references 

Soviet 

Non-Soviet 

1 

Systena^lcs  of 
x-ray  spectra 

6 

3 

3 

2 

Intensity  of  x-ray 
spectra 

39 

3 

36 

3 

Shape  and  line 
widths  of  x-ray 
spectral  lines 

12 

4 

4 

True  absorption 
of  x-rays 

l6 

1 

15 

5 

Optics  of  x-rays 

19 

4 

15 

6 

Fhotoeffect  and 
secondary  spectra 

18 

6 

12 

7 

Scattering 

x-rays 

24 

5 

19 

8 

Fine  structure  of 
emission  spectra 

96 

26* 

70 

9 

Fine  structure 
of  absorption 
spectra 

94 

48 

46  ' 

10 

Modem  methods  of 
investigation  of 
matter  by  means  of 
x-ray  spectra 

23 

4 

19 

*  Of  the  26  Soviet  references,  l6  deal  with  the  generation  of  x-rays,  methods 
of  measuring  x-ray  intensities,  and  resolution  of > x-rays  according  to  wave¬ 
length  hy  means  of  spectrograibs . 
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lute  Intensities  of  480  lines  emitted  by  the  sun  In  the  ultraviolet 
and  x-ray  spectral  regions  121].  In  [24],  180  of  the  225  solar  emis¬ 
sion  lines  In  the  region  between  60  and  1100  A  recorded  by  rockets 
were  Identified  on  the  basis  of  Intensities  calculated  In  [21] o 


Part  Two,  entJ,tled  "Optical  Spectra",  covers  the  optical 
and  the  ultraviolet  spedtral  regions.  It  Includes  the  following 
tabulated  material:  f -values,  line  strengths,  transition  probabil¬ 
ities,  line  Intensities,  and  wave  functions.  Theoretical  develop¬ 
ments  In  this  field  are  also  given.  This  part  of  the  report  presents 
only  papers  published  In  the  periodical  literature  between  1957 
and  1962.  Developments  In  the  field  prior  to  1958  are  suimnarized 
In  an  excellent  review  by  V.  N.  Kolesnikov  and  L.  V.  Leskov  [32]. 


Sp^i^eral  significant  theoretical  contributions  to  the 
field  O'  quantum  mechanics  have  been  made  by  Soviet  scientists. 

In  1935,  V.  A.  Pok  extended  the  Hartree  self -consistent-field 
method. to  Include  the  effect  of  exchange.  The  Hartree-Pok  method 
has  become  one  of  the  basic  methods  of  quantum  mechanics  and  Is  often 
used  In  the  calculation  of  transition  probabilities,  line  strengths, 
and  osclllaltor  strengths. 


Another  significant  achievement  has  been  the  development 
of  the  mill tj configuration  approximation  method  by  A,  P.  Yutsls  In 
collaboration  with  other  Soviet  scientists  during  1953-1956.  Since 
Part  Two  of  this  report  Is  confined  to  works  published  since  1957, 
earlier  papers  by  Yutsls  are  not  Included.  Over  45  articles  by 
Yutsls  In  collaboration  with  his  associates  have  been  published 
since  1955  In  the  Trudy,  Seriya  B,  of  the  Lithuanian  Academy  of 
Sciences.  This  figure  does  not  Include  papers  written  solely  by 
Yutsls'  associates  and  published  In  the  same  periodical.  A  bib¬ 
liography  of  the  works  of  Yutsls  ahd  his  associates  to  be  published 
under  separate  cover  Is  presently  being  planned. 


According  to  Soviet  scientists.  D.  S.  Rozhdestvenskly ®s 
anomalous  dispersion  method  (hook  method)  for  measuring  oscillator 
strengths  of  resonance  lines  of  metals,  although  less  sensitive.  Is 
superior  to  other  methods.  It  Is  especially  useful  for  measuring 
oscillator  strengths  of  strong  absorption  lines  and  Is  usfd  almost 
exclusively  for  this  purpose  by  the  Soviets  In  preference  to  the 
total -absorption  and  emission  methods,.  Although  the  relative  oscil¬ 
lator  strength  values  determined  by  the  hook  method  are  In  general 
very  precise,  the  results  of  the  measurements  give  only  the  Ni  fijc 
values  (Ni  Is  the  concentration  of  atoms  In  state  1,  fuc  Is  the 
oscillator  strength).  Consequently,  the  determination  of  absolute 
oscillator  strengths  Is  hampered  by  the  dxi i  culty  In  obtaining 
I'ellable  vapor  pressure  data.  Since  the  other  methods  are  similarly 
hampered,  the  best  values  of  absolute  oscillator  strengths  In  most 
cases  are  calculated  from  relative  oscillator  strengths  measured 
by  the  hook  method . 
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PART  ONE.  X-RAY  SPECTRA 


1.  X-Ray  Spectroscopy 


Intensity  Calculations;  Methods  and  Data 


1.  Narbutt,  K.  I.  Structure  of  the  zinc  vapor  K  absorption 
spectrum  of  x-rays.  IN:  Akademlya  nauk  SSSR.  Izveetlya. 
Serlya  flzlcheskaya,  v.  15>  no.  2,  1951>  231-238. 

AS262.A62455,  v.  15 


Experimentally  obtained  spectra  of  zinc  vapor  are 
Inte'^'iieted  as  being  due  to  superposition  of  two 
processes;  the  transition  of  electrons  from  the 
K  level  Into  a  continuum  and  transition  of  K.  elec¬ 
trons  Into  one  of  the  free  optical  levels  (is-np 
transitions).  The  latter  results  In  the  appear¬ 
ance  of  resonance  absorption  lines.  The  shape  of 
the  edge  can  be  represented  by  the  well  known  arc 
tangent  curve.  The  intensity  of  the  resonance  lines, 
as  shown  by  the  author  In  an  earlier  paper.  Is 


(1) 


where  n  Is  the  main  quantum  line,  ib  the  effective 
nuclear  Charge  of  the  molecule  In  the  np  state,  Z 
Is  the  atomic  number  of  the  element,  and  a  Is  a  con¬ 
stant.  In  order  to  determine  the  shape  of  the 
resonance  lines  of  absorptlor^  the  dispersion  form¬ 
ula  may  be  used: 


T(y) 


ST' 


(2) 


where  "c  (v)  is  line  Intensity  at  frequency  v; 

+  Ff  (r^  and  Tf  are  the  Initial  and  the 
final  level  widths);  v  the  frequency  correspond¬ 
ing  to  the  maximum  in  the  line  Intensity;  and  t© 

Is  the  Integral  Intensity 

^o  “  J  ^  ^  ^  • 
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(3) 


The  dispersion  forraula  may  be  transformed  by  substituting 

V  -  Vq 


r(v,) 


(4) 


where  ^  ( v  )  Is  the  maximum  Intensity  of  the  resonance 
absorptlon°llnes  determined  by  (l),  l.e.. 


from  which 


u 


(6) 


Substituting  Into  (3)  gives  the  final  result  tor  the 
line  Intensity  at  frequency  ' 


T(V) 


(V-V,)*  + 


The  structure  of  an  atom  with  atomic  number  Z, 
(in  this  case,  zinc)  with  the  K  electron  removed  Is 
similar  to  the  structure  of  an  atom  with  Z  +  1  (in 
this  case,  gallium). 


(7) 


The  K  absorption  edge  of  zinc  was  Investigated  In 
the  range  from  35  to  40  ev.  Pig.  1  shows  the  position 
of  resonance  absorption  lines  and  K  absorption  edges 
of  zinc.  The  experimental  curve  consists  of  a  super¬ 
position  of  two  K  absorption  edges  and  two  series  of 
resonance  absorption  lliies.  The  first  main  edge  and 
the  first  series  of  resonance  lines  correspond  to 
absorption  of  neutral  atoms;  the  second  main  edge  and 
the  second  series  of  resonance  lines  corrtspbnd  to 
absorption  by  zinc  Ions.  The  width  of  the  upper  np 
levels  of  Ions  was  found  to  be  greater  thw  the  level 
width  of  the  neutral  atoms  while  the  IC  levels  were 
found  to  be  equal  In  both  cases. 
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I  li 


Fig.  1.  Experimental  curve  (1) 
showing  t>ne  dependence  of  the 
coefficient  of  absorption  p  of 
zinc  on  the  energy  of  the  ab¬ 
sorbed  quantum.  Fine  lines  show 
resonance  absorption  lines  and 
K  edges  (I  and  II)  of  absorption^ 
the  sum  of  which  gives  the  exper¬ 
imental  curve.  T^e  position  of 
gallium  terms  is  shown  under  the 
scale. 


A  general  method  Is  given  for  the  resolution  of  the 
experimental  x-ray  absorption  curve  of  gases  and  metal 
vapors  Into  the  main  absorption  edge  and  a  series  of 
resonance  absorption  lines.  It  was  shown  that  the  four 
unknown  qvtantltles  which  must  be  determined  can  be  ob¬ 
tained  analytically.  These  are  the  widths  of  the 
resonance  lines,  the  absolute  Intensity  of  one  of  these 
lines,  the  width  of  the  K  absdrptlon  edge,  and  the 
absolute  height  of  the  K  absorption  edges. 
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2.  Blokhin^  M.  A.^  and  V.  P.  Sachenko.  Inner  level  widths  and 
energy  distribution  of  electronic  state  densities  of  the 
transition  elements  of  the  Iron  group.  IN:  Akademlya  nauk 
SSSR.  Izvestlya.  Serlya  flzlcheskaya,  v.  21,  no.  It),  1957 
13M3-1350.  AS262.A62455,  v. 

The  K  level  widths  of  35’  elements  with  atomic  numbers 
ranging  from  12  to  79  were  calculated  (Table  l).  The  Ljt 
and  Liil  level  widths  were  determined  (Table  2)  from  the  K 
level  widths  and  available  data  on  the  widths  of  the  ^la 
lines  compiled  exclusively  from  six  American  sources. 


j  1.  K  Level  Widths 


1 

Eleaent 

Y. 

Element 

Y.  •* 

Element 

Y* 

||EUBefit{Y«  ev 

12 

Ma 

0.44 

21 

i 

Sc 

0.71 

30 

Zn 

1,40 

li 

1, 

As 

6,28 

13 

M 

0^48 

22 

ri 

0,74 

31 

Gft 

1,33 

Sn 

7,98 

14 

Si 

oisi 

23 

V 

0.79 

32 

Ce 

1.67 

1 

Cs 

12,0 

IS 

V 

0,54 

2'« 

Or 

0,S4 

34 

Se 

1,98 

60 

Ntl 

17,7 

16 

s 

0,57 

2.'i 

\ln 

0,92 

36 

Kr 

2,37 

1  65 

Tb 

26 

17 

Cl 

0,60 

2fi 

I'o 

1,00 

38 

Sf 

2,82 

1  Ic 

^  b 

36 

18 

Ar 

0,63 

27 

Co 

1,09 

40 

It 

3,55 

11  75 

Re 

4B 

IK 

K 

0,65 

2H 

Ni 

1,10 

42 

Mo 

4,10 

1 

Au 

61 

20 

Ca 

0,68 

20 

Cu 

1,30 

45 

Rb 

5,38 

i 

Table  Ln  '-r.d  LjU  Level  Widths 
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The  experimental  values  of  Kai,2  line  widths  were  origi¬ 
nally  corrected  by  each  author  for  distortions  Introduced 
by  double-crystal,' spectrometers  using  different  methods. 

To  obtain  unlfora  data>  linear  corrections  wer*  Introduced 
to  the  experimental  values  of  K«i,2  line  widths  (Table  3)* 

In  view  of  the  asymmetry  of  the  K«i  2  lines  of  the  transi¬ 
tion  elements  of  the  Iron  group,  su6h  a  procedure  Is  actioally 
unjustified.  In  addition,  since  the  Lji  and  Lm  level 
widths  are  not  equal  to  the  difference  between  K « ^  2  line 
widths  and  the  K  level  widths,  the  values  of  the  L 'level 
widths  obtained  (Table  2)  are  only  approximate. 


Table  3..  Ka^  and  Ka^  Line  Widths 


Heaent 

ric...  ev 

1 

K  «, 

!• 

jj  Blment 

.  tK...  ev 

22  Ti 

1,36 

1  .no 

i 

1 

32  Go 

2.73 

2,94 

23  V 

l.SH 

2.1:1 

I- 

38  Sr 

4.5 

4.6 

24  Cr 

1,06 

2.4.1 

c 

40  Zr 

5.2 

5.4 

25  Ma 

2,46 

2,t« 

41  Nb 

5.8 

5.4 

26  Pe 

2,65  1 

li.fiO 

' 

42  Mo 

5.86 

6,18 

27  Co 

2.45 

'1.12 

44  nu 

G.B 

0.7 

26  Ni 

2,26 

It.  03 

]i 

1 

45  nh 

7.3 

7.2  . 

26  Cu 

2,31 

;!.2t 

46  N 

7.8 

7.0 

30  Zn 

2.44 

2.00 

I: 

47  Ag 

8.6 

8.7 

31  C« 

2.40 

2.50 

The  K  level  widths  were  calculated  by  Interpolating  all 
of  the  available  experimental  values  of  K  level  widths  from 

PC' ices.  The  following  method  was  used: 

The  total  probability  for  a  change  In  state  of  an  atom  Is 
equal  to  the  sum  of  radiative  transition  probability  Pp  and 
radiationless  transition  probability  P5.  Therefore,  the 
level  width  y  is  equal  to 


7 -,l(Pp + 


(1) 


The  valu^ 
shape  and 
number  of 


of  the  coefficient  A  is  determined  by  the  level 
is  equal  to  6.58*10"  *  (if  y  Is  In  ev  and  P  is  the 
transitions  per  second)  for  the  dispersion  level 
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shapi.  .. 


Ti'ic  .  'll  r-'p  P<  are 


Pp  -  2  Pkn, 


(2) 


where  Pj^n  is  probability  for  radiative  transition  from 
level  K  into  ievel  N,  and  nni  probability  of  radi¬ 

ationless  trai^^itlon  from  level  K  Into  a  state  of  double 
ionization  am. 


in  the  case  single  ionization 


Therefore...  In  ’  M-s  app.roxlmatlon 


(4) 


I  Pp{Z)>^Z*. 


Accounting  for  >he  screening  effect  of  electronic  shells  on 
probability  'eads  to  a  slightly  different  expression  for 
the  dependence  f  Pj^j^  on  Z.  Calculation  of  transition 
probabilities 


and  P 


7.11 


K,  .M 


II,  III 


In  SJater  3  apr  r  "I. mat  Ion  for  wave  functions  using  formula 


/»»• 


wr~ 


(6) 


has  shown  tha’^  <  good  approximation  for  the  dependence  of 
Pk.n  on  Z  Is  g’  n  ny  the  foil  owing  fonBule.S! 


(7) 


The  ratio  X  o(  nose  probab.llltles  can  also  be  detezvlned 
f  T'OTT  the  rxpf-  '  data  of  relative  Intensities 
r -^rre.’pnn-.i  rrai  l  ines  given  ,ln  two  Vpfltem  souirces. 


ComparlBon  of  the  ratios  determined  from  theoretical  and 
experimental  data  Indicates  good  agreement.  Therefore,  In 
the  determination  of  Pp  (Z),  the  formula 


L 


II,  III 


BZ*** 


was  utilized.  The  remaining  radiative  transition  probabili¬ 
ties  were  calculated  from  the  experimental  data  on  relative 
intensities  of  corresponding  spectral  lines.  It  was  deter¬ 
mined  that  Pp  can  be  approximated  by  the  followlrxg  expres¬ 
sion: 


Pp  «= 


(8) 


‘Ihe  total  probability  was  found  from  the  known  experimental 
values  of  K  x-ray  fluorescence  yield  a>  by  means  of  the 

rel otlonshlp: 


0)  a 


Pp  +  P6 


(9) 


Formulas  (8)  and  (9)  were  used  to  calculate  the  total 
probability  P(Z).  Since  the  coefficient  jD  In  (8)  Is  arbi¬ 
trary,  the  curve  for  y  as  a  function  of  Z  could  be  displaced 
with  respect  to  the  ordinate  axis  to  obtain  better  correspon¬ 
dence  with  the  experimental  data  (from  seven  American  sources). 
Accordingly,  D  was  determined  to  be  10*  transitions  per 
second.  The  values  of  Y  listed  In  Table  1  wtre  determined 
from  Pig.  2,  curve  2.  The  upper  part  of  this  curve 
beginning  at  Z  »  30  may  be  approximated  by 

Y  »  Z*.  (10) 

For  a  smaller  value  of  Z,  this  relationship  does  not  hold. 


Fig.  2.  Dependence  of  K  level 
widths  on  the  atomic  number  Z 
(logarithmic  scale) 

1  -  dei>endence  of  radiative 
width  on  Z  Using  formula  8; 

2  -  f  jLnal  dependence  of  v  K 
(Z)  pn  the  basis  of  available 
experimental  values  of  the 
fluorescence  yield  compiled 
from  six  Western  sources;  3  - 
deiJendencc  of  Y  K  (Z),  obtained 
from  formula  5  on  the  assump¬ 
tion  that  =  const  (Z)o 


Probability  FcJ  was,  determined  with  the  aid  of  formulas 
(8)  and  (9). 

Other  authors  have  noted  that  a  dependence w (Z)  may  be 
approximated  by  a  formula  In  which  Pp(Z)  -  Z*  and  Pg  (z)  <■ 
const  (Z).  However,  experimental  data  on  K  level  widths 
are  In  poor  agreement  with  the  results  derived  by  this 
foxmila.  Curve  3  In  Fig.  2  was  plotted  on  the  assumption 
that  P5  (Z)*  "  Z*  and  Pg  »  const  (Z)  In  such  a  way  that  the 
value  of  Yjf  for  Z  ■  70  corresponds  to  the  experimental  value, 
A  significant  deviation  between  the  curve  (1.7  ev)  and  tlje 
experimental  data  (0,6  ev)  Is  obtained  for  light  elements. 

If  the  curve  Is  made  to  fit  with  the  experimental  data  for 
light  elements,  then  for  Z  ■  79>y  should  be  equal  to  40  ev 
In  comparison  to  the  experimental  value  of  62  ev.  The 
curve  Y (Z)  obtained  by  the  authors  is  In  better  agreement 
with  the  actual  dependence  of  y(Z). 


3.  Babushkin,  F.  A.  Radiative  transitions  In  a  relativistic 
treatment.  Optlka  1  spektroskoplya,  v,  13,  no,  1,  1962, 
141-143.  QC350.068,  v.  13 

The  relativistic  theory  of  radiative  transitions  of  Payne, 
and  Levlnger  Is  reviewed.  The  relativistic  probability  of 
electric  multipole  radiation  of  any  order  Is  obtained  by 
using  potentials  corresponding  to  a  photon  In  ah  electric- 
type  state.  The  fomailas  for  the  potentials  and  the 
transformation  of  the  corresponding  matrix  element  are 
taken  from  Akhlyezer  and  Berestetskly  [jiTvantova^a  elektro- 
dinamika  (Quantum  electrodynamics).  Moskva,  Plzmatglz,  1959].. 
The  radiation  probability  per  unit  time  of  photon  with  a 
moment  L,  projection  of  the  moment  M,  and  parity  (-1)^  Is 

i.(it  -uuk- ^ I J  '*'*  •  Y  JT+l  '’**'**^‘  *  I  ^  ^  ^ 


Use  of  Dirac's  wave  functions 


(where  g  and  f  are  small  and  large  components  for  the 
relativistic  wave  function)  provides  sufficient  accuracy 
for  the’  determination  of  transitions  between  lower  levels 
Is  and  2p.  The  spinors  determined  as  follows: 

Xv.'TT, 

'  (3) 
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Using  these  wave  functions^  the  matrix  element  can  be 
wrltteh  as 


i')  *  -  iiiC-'N*  1  ylaf  I  --  ‘V) + a,(«|.  1  yl,|*V')-  (4) 

where 


IK  CO 

•  • 

(prime  quantities  refer  to  the  Initial  state).  The  spin 
angular  part  of  the  suitrlx  element  Is 


^  I  (»«*  I  >'**  I  »y)  1*  *  -<2A  .  •)(-/  40)^2i  4-n  ^  ^  5  j 


The  final  formula:  for  the  probability  of  'eleotrle  mu^tlpole 
radiation  for  transition^  between  dlsex4te  states  Is  of  the 
;  form , 


“  rear  rnSitf)!  i,,-  •»*^***’  12/ + 1)  (a' + 1)  c*  (tu-,  00)  x 


(7) 


The  Racah  and  the  vector" addition  coefficients  are  used  to 
obtain  the  usual  selection  rules 


MI'U)  m  </’  +  /.  (8) 


In  addition,  the  sum  of  i^\+  1+  L  must  be  even: 

2*  +  1  +  li  •  0  (mod  2), 

I 

Neglecting  the  spall  coii4>onentB  of  the  wave  functions 
(aZ  «  l),  a  nonrelatlvlstlo  expression  Is  obtained  for  the 
probability  of  dipole  trazisltlons  n,  2  ••  n  -  1,  2-1 
(in  usual  units): 


(9) 
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Using  the  standsrrt  fo.rrmar  Tor  the  mean  oscillator  strength^ 


(10) 


the  following  expression  Is  obtained  for  electric  dipole 
transitions  (the  detailed  balance  principle  Is  used  for 
reverse  transit  j  cnr.) : 


.I'/'  -  «r + 1)  (Jr + 1)  c»  (Mi;  00) .  IT*  ((rfV:  -jr  *)  •  i  i»- 


(11) 


The  author  notes  that  the  formulas  for  oscillator  strengths 

fi  8  npx/8 


and 


^is  npa/n 

derived  by  Payne  and  Levinger  are  probably  incorrect,  slnoe 
for  aZ  <c 1  the  small  components  disappear  and  both  expresslpna 
are  therefore  equal  to  zero.  Pbr  heavy  elements,  however, 
the  results  of  calculations  with  Levinger* s  formulas  corres¬ 
pond  to  the  results  derived  by  using  foruiula  (11).  As  an 
example,  the  osolllator  strengths  of  Kai,  K«2  lines  of 
are  calculated  and  are  compared  with  the  relativistic  values 
by  Payne  and  Levinger  for  Pb®®  and  nonrelatlvlstlo  values 
by  Bethe  (see  Table  4). 

The  relative  Intensity  of  the  Ka^  and  Ka2  lines  derived 

are 

tm 

«x  «x 

-  0 — )•  •r-  -  l.e,,  lOOi  53b 
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Table  4.  Oscillator  Strengths 


Transition 

Bethe 

Author 

Paybe 

Levlnger 

^  ®i/*  “*  ^^\/t 

0.138 

0.116 

0.112 

^  ®x/»  - 

0.277 

0.203 

0.195 

L  shell 

0.416 

0.319 

.1 

0.307 
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Effects  of  External  Screening  and 
Satellite  I^lnes 


4,  Karal'nlk,  S.  M.  X-ray  spectra  and  Interatomic  binding  in 
alloys.  IN;  Akademlya  nauk  SSSR.  Izvestlya.  Serlya, 
flzlcheskaya,  v.  20,  no.  7,  I9p6,  815-819. 

AS262.A62455,  V.  20 

This  Is  the  first  of  three  articles  published  by  Karal'nlk 
on  the  effects  of  external  screening.  The  shifting  of  the 
K-absorptlon  limits  of  transition  elements  in  alloys  toward 
the  shorter  wavelengths  Is  explained  by  the  degree  of  external 
screening  and  the  change  In  screening  due  to  -'a  change  in  tl^e 
magnitude  or  the  type  of  chemical  binding  In  atoms  under  dif¬ 
ferent  conditions.  The  discussion  In  this  paper  Is  largely 
developmental,  proceeding  from  the  basic  concepts  of  quantum 
mechanics.  The  mathematical  apparatus  Is  developed  In  a 
subsequent  paper  [6]. 


5.  Karal'x^yk  [Karal*nikl>  S.  M. ,  and  S.  B.  Nyzhnyk  [Nlzhnlk], 

On  the  origin  of  satellites  In  x-ray  spectra.  Ukraylns'kyy 
flzychnjry  zhurnal,  v.  2,  no.  4,  1957>  333-337. 

QC1.A4473,  V.  2 

A  finite  probability  exists  for  electronic  charge  clouds 
to  ovei'lap.  Accordingly,  the  effective  charge  of  the  nucleus 
Is  Increased  with  respect  to  the  inner  electrons  when  the  outer 
electrons  are  removed  from  the  atom.  According  to  the  mul- 
tlple-lonlzatlon  theory,  this  type  of  ionization  causes  the 
formation  of  atoms  in  a  state  characterized  by  stable  energy 
levels,  which  can  be  described  with  the  aid  of  the  effective 
value  Z*,  where  Z<Z*«Z  +  1.  Transitions  which  cause  the 
formation  of  the  chief  lines  In  the  x-ray  spectrum  In  singly 
Ionized  atoms  cause  the  formation  of  shortwave  satellites 
In  multiply  Ionized  atoms. 

In  order  to  deteirolne  satellite  frequencies,  the  external 
screening  must  be  evaluated.  The  change  In  the  effective 
value  of  the  atomic  number  with  respect  to  Inner  electrons 
during  additional  Ionization  of  the  atom  must  ^be  found 

and  the  value  of  Z*  ascribed  to  the  frequency  of  the  corres¬ 
ponding  diagram  line.  Such  an  evaluation  can  be  done  only 
approximately.  The  following  method  Is  used: 
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The  radial  part  of  Bethe's  hydrogenlike  wave  function  for 
electrons  In  different  shells  Is 


X,-T(^)‘^f  2,^2;  ^], 

where  P  (a,  p,  X)  l8  a  degenerate  hypergeometrlc  function. 

Substitution  of  the  dimensional  quantities  results  In 
the  following  expression; 


»  I  C+O!  MV 

(•2/4-01  y  {m  ~  I  -  \yi2n\iiii;;,) 


(2) 


2r 


Where  anJ  *  ^6/z*  ®  quantity  depending  on  the  effective 
value  of  the  nucl^r  charge  for  the  cori^espondlng  electron 
In  the  atom.  This  value  id  detejralned  from  the  expression 
analogous  to  that  of  Bethe  for  the  radius  of  the  Bohr  orbit 
of  the  hydrogen  atom; 


+  l -31(1+0). 


(3) 


In  this  case. 


'i-|*«Lr>»'+>-3*(»+l)|. 

Here  rjjj  Is  designated  according  to  Slater  as 


(3') 


^nl 
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where  n*  and  Z*  are  the  values  appropriate  for  n  and  1 . 

In  Buch-a  mahner,  r^^;  values  were  calculated  for  Z  ■  26: 

r*s  -  1.95  1;  r^d  =  0.77  h  r»p  «  0.326  S; 

r,g  »  0.326  A;  rgp  >=  O.O98  X;  rag  =  O.098  X; 

and  r^s  =  0.021  A'„ 

After  substituting  these  values  in  (3),  values  of 
are  determined.  Then  the  following  quantities  are  e' 

^ik 

I  r«  dr, 

which  is  the  probability  that  the  ni  electron  is  within  a 
sphere  of  radius  rj^j^,  and 

^  /  11c, 

which  is  a  part  of  the  char|ge  of  the  n  /  electron. 

Table  5  lists  the  charge  values  foi‘  corresponding  outer 
ni  electrons  inside  the  Ik  electron  shells  in  the  atom  with 
Z  -  26  (iron),  I'.e., 

I 

I 

Table  3.  Chcurge  Values  of  Outer  Electrons  in  Corresponding  Inner  Atonic 
Shells  of  Iron 


a, 


?uated; 


If 

2i 

3« 

i  ^ 

4« 

0,008 

0,036 

0,003 

<  OjOSO 

U 

aow 

9JK> 

0,0«46 

9M 

1* 

0.08 

OYM 

ej03l 

'  OJO 

5 

•MIt 

OUORO 

0M4 

ftOOS 

1  0504 

V 

OyQllft 

OlOO 

0.0I« 

OIOS 

9m 

1A.10-’ 

0,007 

PA'? 

oao7 

OuM 
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By  starting  with  these  values  of  j/ijc#  ai'd  extrapolating 
on  the  basis  of  Moseley's  law,  one  can  determine  the  frequencies 
and  wavelengths  of  x-ray  lines  which  correspond  to  diagram 
transitions  for  atoms  with  Z*  »  Z  +  --  l.e.,  the  corres¬ 

ponding  satellites. 

For  transitions  of  K«i  lines  in  the  atom  with  Z  ■  26  + 
l.e.,  for  K  and  Lm  levels,  the  calculations  can  be  made 
as  follows: 

The  amount  of  energy  of  the  K  level  for  the  atom  with 
Z  *  26  In  Rydberg  units  (Ry)  Is 

{v/\\  -  523.77;  V(v/R)i^  -  22.886. 


For  the  atom  with  2  -=  27,  It  Is 
V(v/R)j^  »  23.82^9. 

An  Increase  of  Z  by  unlLy  corresponds  to  an  Increase  of 

''/R)ic,a7  —  ^/(v/R)k,,e  =  0.943. 

An  Increase  of  Z  by  AZ^2/ls  corresponds  to  an  Increase  of 

0.943  X  0.0325  ■=  0.031. 

Thus 

n  v/R)ic.,.e  +  aos  =  22.886  +  O.O31  -  22.917. 

And 


+0.0*. »  “  (22.917)*  “  525.33. 


Similar'  calculations  for  LiJi  are  made,  but  only  a  small 
differ*ence  (0.601)  from  the  ( I  irr) ra  value  Is  obtained.  It 
should  be  noted,  however,  that  rne  screening  of  2p  electrons 
by  the  3s  electrons  Is  much  greater  than  for  K  electrons, 
and  in  such  cases  the  value  AZag/gp  »  0.0445  must  be  used 
for  the  2p  electrons. 

Bat  In  this  case  as  well,  the  change  In  screening  of  the 
2p  level  due  to  removal  of  a  3b  electron  from  the  atom  is 
Insignificant,  since  the  value  of  the  energy  of  the  2p  level 
for  Iron  la  less  than  the  value  of  the  energy  of  the  K  level 
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ty  an  order  of  njagnltude.  Generally,  the  time  that  an  outer 
electron  spends  within  the  Inner  electron  orbits  Increases 
with  Increasing  distance  of  the  Inner  electrons  from  the  nucleus, 
but  the  effect  of  screening  on  these  electrons  In  a  number  of 
cases  Isl  nevertheless  small  In  comparison  with  Its  effect  on 
the  K  level.  This  la  true  because  of  the  rapid  decrtease  of 
thie  absolute  value  Of  the  energy  of  the  level  during  transition 
to  the  next  main  quantum  number. 

It  should  be  pointed  out  that  because  of  the  rough  approxi¬ 
mation  of  values  obtained,  extrapolation  should  not 

be  carried  out'^wlth  the  use  of  values  pf  V  v/H  but  with  yalues  of 
v/R,  especially  In  view  of  the  fact  that  extrapolation  Is  done 
for  two  neighboring  elements  In  the  periodic  table. 

In  such  a  manner,  the  frequency  values  for  possible  satel¬ 
lites  are  obtained^  In  the  group  (assuming  that  the 
line  is  the  chief  line  wilJh  additional  ionization  of,  the  3s 
electron),  we  get  472,. 78  Rydberg  units.  (Experimental 
values  are  from  473. 13  to  474.08.)  In  the  Kp  group  of  satel¬ 
lites  we  get  520.71  Rydberg  units.  (Experimental  values  are 
from  524.14  to  522.2.) 

As  mentioned  above,  it  is  also  possible  to  explain  the 
origin  of  longwave  satellites  by  the  method  described.  Their 
occurrence  for  example  in  the  atoms  of  the  iron-group  elements 
Is  also  apparently  connected  with  multiple  ionization  (when 
the  additional  ionization  is  due  to  3d  electrons  [or  3p  elec¬ 
trons];  i.e.,  electrons  which  do  not  spend  a  finite  period 
of  time  within  the  Is  shell,  but  whose  external  screening 
is  more  considerable  at  greater  distances  from  the  nucleus). 
Indeed,  the  removal  of  such  an  electron  from  the  atom  causes 
an  increase  in  the  effective  value  of  Z  for  outer  electrbns, 
but  the  amount  of  energy  of  the  K  level  remains  unchanged, 
and  the  energy  of  the  L  levels  is  practically  unchanged.  The 
difference  in  energies  of  K  and  Mm  levels  In  this.  . case 
will  be  less  than  in  the  case  of  an  absence  of  Ionization 
of  the  type  described.  The  calculation  of  Kp'  for  Pe  gave  the 
value  519-77  Rydberg  units.  (The  experimental  value  Is 

518.95-) 

•I 

The  absence  of  longwave  satellites  In  the  Ka  group  can 
evidently  be  explained  by  the  additional  ionization  In  the 
3d  level.  Inasmuch  as  the  K  levels  remain  unchanged  and  the 
L  levels  remain  practically  unchanged. 

It  is  also  noted  that  such  an  approach  can  be  helpful  In 
understanding  the  changes  observed  In  the  position  of  satel¬ 
lite  lines  caused  by  a  change  In  the  chemical  fTwing, 
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For  example j  It  has  previously  been  shovm  that  the  lateral 
shifting  of  longwaves  of  the  K^'  satellite  of  chromium  Increases 
with  the  Increase  of  Its  valence  In  compounds.  The  Increase 
of  the  chromium  valence  means  greater  attraction,  absorption 
from  the  3^  electron  of  chromium  Into  the  bond,  and  "transfer" 
of  It  to  the  other  atoms  talcing  part  In  the  bond.  As  was 
shown  above,  one  should  observe  an  Increase  In  the  wavelength 
of  the  satellite  positions  on  the  longwave  side  of  the  chief 
Kpi  line. 


6.  Karal'nlk,  S.  M.  External  screening  and  the  fine  structure 
of  the  x-ray  spectra.  IN:  Akaderolya  nauk  SSSR.  Izvestlya. 
Serlya  flzlcheskaya,  v.  21,  no.  10,  1957i  1445-1451. 

AS262.A62455,  v.  21 

Due  to  a  finite  probability  of  overlapping  by  an  outer 
electron  of  the  domain  of  Inner  electrons,  the  outer  electron 
screens  the  Interaction  of  the  Inner  electrons  of  an  atom 
with  Its  nucleus.  Since  the  Interatomic  binding  depends  on 
the  outer  electrons,  the  degree  of  screening  varies  with  the 
changes  In  binding,  causing  the  effective  force  exerted  by 
the  nucleus  on  the  Inner  electrons  to  change.  In  turn,  the 
details  of  x-ray  spectral  characteristics  are  affected. 
Karal'nlk  attempts  to  Interpret  the  fine  structure  of  x-rays 
with  this  new  approach. 

In  the  first  part  of  the  paper,  he  repeats  step  by  step 
the  mathematical  procedure  [detailed  In  entry  5  above]  used 
to  evaluate  the  charge  values  for  outer  electrons  In  an  atom 
of  Iron.  The  values  {Table  6)  are  slightly  different  from 
those  In  the  earlier  publication  (Table  5). 

Table  6.  Charge  Values  of  Outer  Electrons  in  Inner  Atomic  Shells  of  Iron 


•xSe^OM 

Inner  electrons 

t  • 

It 

•  t 

*9 

2  t 

Q.044S 

0,6M 

0.906 

0,631 

0,009 

^  $ 

0.03S5 

0.044$ 

0.09 

0,0445 

0,65 

4  f 

0.0i» 

0,038 

0,003 

0,(n6 

2p 

0.63 

0,999 

0,63 

0,998 

0,0002 

0,068 

0,584 

0,068 

0,594 

3  d 

l,510-» 

o.mr 
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Karal'nlk  notes  that  these  values  should  be  taken  as  roughly 
approximate,  partly  because  they  were  derived  In  the  approxi¬ 
mation  of  hydrogenlike  wave  functions  and  partly  because  the 
radii  of  corresponding  inner  shells  were  originally  derived 
for  Isolated  atoms.  But  even  more  Important,  In  complex  atoms 
with  many  electrons  the  external  screening  must  be  different 
from  screening  In  simple  atoms.  According  to  Karal'nlk,  better 
results  can  probably  be  dbtained  by  the  Thomas -Perml  method. 

The  remainder  of  the  article  is  a  qualitative  analysis  of 
screening  by  different  electrons  of  an  atom  and  of  changes 
In  screening  caused  by  redistribution  of  electron  density 
in  solids  as  a  result  of  changes  In  interatomic  binding. 

Karal'nik  demonstrates  that  experimental  data  on  the  K 
limit  shift  of  an  element  in  a  compound  can  be  used  to  obtain 
approximate  values  of  external  screening.  For  a  multivalent 
element  of  a  compound  displaying  ionic  binding  the  total  shift 
of  the  K  limit  is  due  to  removal  of  all  the  valence  electrons. 
The  shift  per  unit  valence,  expressed  In  energy  units,  divided 
by  the  difference  in  energy  between  the  given  element  and  its 
neighbor  In  the  periodic  table  gives  an  Idea  of  the  magnitude 
of  screening  due  to  one  electron.  The  authors  conclude  that 
there  are  good  reasons  to  believe  that  the  fine  structure 
of  x-ray  spectra  I'oflects  the  details  of  electronic  distri¬ 
bution  In  atoms. 


7.  Gorak,  Z.  Origin  of  some  satellites  in  x-ray  spectra,  IN: 

Akademlya  nauk  SSSR.  Izvestlya.  Serlya  flzlcheskaya,  v,  S4, 
no.  4,  i960,  422-4^3-  -  AS262. A62455,  v.  24 

The  origin  of  K®!  and  Ko^  lines  In  the  spectrum  of  neon 
and  neighboring  elements  (Z  s  14)  and  the  origin  of  Kpi  in 
the  spectrum  of  Pe®^  are  considered.  To  explain  the  origin 
of  a'  and  lines,  simultaneous  excitation  of  vacancies  In 
the  Is  and  2p  shells  Is  assumed.  Tlie  Ka  (is  2p)  line  Is 
split  into  3  lines  as  a  result  of  electrostatic  and  exchange 
Interactions  with  the  additional  2p  vacancy: 

,ls2p'P  (2p)»  ‘D,  (1) 

'' ls2p'P  -  (2r)"  IS,  (2) 

ls2p'’P  -  {2p)»  sp.  (3) 

Since  both  (l)  and  (2)  originate  from  the  same  Initial 
state  In  the  case  of  neon,  the  energy  Intervals  Involved 
can  be  determined  from  the  energy  difference  of  final  states 
(2p)®  'S  and  (2p)*’  ^P,  known  from  the  optical  spectra.  In 
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addition.  It  l8  known  from  the  atomic  spectra  theory  that 
relative  Intensity  Ii/Ia  *  5*  Experiments  have  shown  that 
these  theoretical  calculations  hold  true  for  the  neon  spec¬ 
trum  of  two  pairs  of  lines:  .a',  ou,  and  a",  aj .  In  order 
to  correlate  these  two  pairs  with  (l)  and  (2),  It  Is  necessary 
to  use  the  following  theoretical  relationships: 


(t).  “  (ff).  —i  (*•)  - 
(t).  -  (it).  -  i  <*•»  -  0.071M  z  +  *.. 


(4) 

(5) 


Ntimerlcal  values  for  these  expressions  were  obtained  by 
the  perturbation  theory  using  hydrogenlike  functions.  Correc¬ 
tions  due  to  the  effect  of 
3sp  electrons  were  Introduded 
with  the  aid  of  a  method  by 
Slater.  It  was  assumed  that 
the  roultlplet  structure  due 
to  Interaction'  of  Incomplete 
3sp  shells  with  2p  shell 
vacancies  could  be  neglected. 
The  difference  bj  -  b  (for 
Z  s  10)  was  determined  from 
optical  terms.  Pig.  3  shows 
lines 

,  Av  .  /  Av  . 

( — )»  and  ( —  )a 
R  R 

as  a  function  of  Z  and  the  two 
possible  positions  for  each. 

The  positions  Identifying 
«*2  "l",  a's-'"2"  are  prefer¬ 
able  to  those  Identifying 
aj=  ”1”,  a''s  ”2”,  because 
these  positions  explain  more 
adequately  the  experimental 
data.  The  line  Kp'  In  the  Pe*+ 
spectra  originates  analogously 
to  lines  a*  and  .  In  this 
case.  It  Is  assumed  that 
splitting  of  the  Ka  (1s-3p) 
line  Is  specified  by  the  Inter¬ 
action  of  the  3p  vacauncy  with 
the  Incomplete  (3d)*  shell. 
Instead  of  there  are  two 
lines : 


Fig.  3‘  Dependence  of 

''set  » , 

■jr  (*>-!»-- IT  W* 

Scattering  indicates  the 
effect  cf  cheolcal  binding. 
Broken  lines  show  the  incor¬ 
rect  po.-itlon8  of  oj  =  "1" 
and  a"  =  "2". 


ls(3d)*  ■'S 
ls(3d)*  ‘ 


S  - 


3p(3d)*  ’P;  and 
3p(3d)*  “P. 
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Th«  order  of  magnitude  of  the  energy  Interval  amd  the  relative 
intensity  for  these  lines  determined  with  the  aid  of  Slater’s 
wave  functions  agrees  .with  those  of  Kg  and  Ki.  Therefore 
Kg  and  Kgi  may  he  identified  with  KgS''l"  and  Kg'«"a^ 


8.  Shuvayev,  A.  T.  On  the  interpretation  of  x-ray  spectra.  IN: 
Akademiya  nauk  SSSR.  Izvfestiya.  Serlya  flzlcheskava,  v.  24, 
no.  4,  i960,  424-4271  AS262 . A62455 >  v,  24 

The  possibility  is  considered  that  shifting  of  the  last 
spectral  lines  and  K  absorption  limits  of  iron-group  tran¬ 
sition  elements  when  chemical  binding  is  changed  can  be  ex¬ 
plained  as  the  result  of  K  level  shifting  due  to  changes  in 
external  screening  of  .this  level  by  4s  valence  electrons. 
SlncS  the  evaluation  of  such  shifting  of  the  K  level  using 
hydrogenlike  fxmctlons  is  inadequate,  the  external  screening 
constants  are  calculated  for  the  transition  elements  of  the 
iron  group  using  wave  functions  determined  by  the  self -con¬ 
sistent  -field  method.  Contribution  of  one  4s  electron  to 
the  Is  level  screening  constant  is  determined  from  the 
expression 


04. 


Where  <1^4  8  is  the  wave  function  of  the  4b  level,  and  r  is  the 
radius  corresponding  to  a  maximum  in  the  electronic  density 
distribution  of  Is  electronic  cloud.  The  results  bf'' calcu¬ 
lations  for  Ca,  Pe,  and  Zn  atoms  are  shown  in  Table  7.  The 
average  external  screening  constants  of  Is  level  by  one  4s 
electron  were  determined  for  an  iron  atom  from  the  following 
expression: 


(2) 


The  values  of  A  E  listed  in  Table  7  are  the  amounts  of 
shifting  of  the  K  level  when  the  external  screening  constant 
Is  changed  by  040' 

AE  =  13.6. 2(Z—o  ) 0*8  (3) 
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where  Z  is  t)|ie  atonic  number  of  the  element «  and  a 
Internal  screening  constant  for  the  K  level. 


0.3  Is  the 


Table  7.  Sxtemal  Screaning 
Constshta  for  Ca,  Fs,  and  Za* 


■  '  "1 

llamaetj 

1 - 

Cm 

1.0 

0.11 

ro  { 

Vi 

0.17 

0.10 

V5ii 

t* 

0.15 

Table  7  shows  that  shifting 
of  the  K  level , on  the  removal 
of  one  4s  electron  Is  very 
small.  In  addition,  removal 
of  a  valence  electron  causes 
a  much  smaller  change  In  the 
external  screening  of  the  K 
level  than  the  contribution 
of  this  electron  to  the  screen¬ 
ing  (Table  8) .  In  Table  8, 

N4P  is  the  number  of  4p  electrons 
In  an  atom  or  an  ion;  04p  Is  the 
value  of  external  screening  of 
the  Is  level  by  Ip  electron. 

Removal  of  one  4p  electron  from  a a As  causes  a  change  In  screen¬ 
ing  of  the  Is  level  by  all  4p  electrons  (24p),  which  Is  two 
times  smaller  than  screening  by  one  4p  electron.  This  indi¬ 
cates  that  possible  shifts  of | the  K  level  are  smaller  than 
those  given  In  Table  7.  Therefore,  a  change  of  potential  in  the 
K.  shell  region  due  to  changes  in  external  screening  by 

valence  electrons  haraly 

Table  8.  External  Screening  affecte  the  K  level  position. 

Conatanta  for  As,  Aa'*',  and 

AS*’’.  The  rest  of  the  paper  deals 

with  the  effect  of  a  variation 
In  internal  screening  on  the 
position  of  the  spectral 
llpes  of  the  Iron-group  trans¬ 
ition  elements.  For  Z  between 
20  and  29 f  the  dependence  of 
the  Internal  screening  constant 
of  4s  and  3P  levels  on  Z  from 
the  data  by  Hartree  shows  that 
the  electronic  density  between' 

48  and  3P  levels  Increases 
significantly  due  to  filling 

of  the  3d  shell.  This  affects  the  distance  between  these 
levels  and  also  the  magnitude  of  0  4|,^(p  ,  which  Is  deter¬ 
mined  from  Moseley's  law);  ^ 


1 

ilemeat, 

1 

Vit* 

At 

At* 

A#* 

9 

2 

1 

1.44 

1.S4 

2.28 

4.32 

3.84 

2.28 

(4) 
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Fig.  4*  Depandonce  on  Z  of  l)  0  4s,sp 
and  2)  for  free  atoms  and  3)  for 

elements  in  the  aolld  state. 

Fig.  4  shows  the  dependence  of  O4S  *p  and  ,p  on  Z  for 

frde  atoms  and  elements  In  the  solid  state.  can  be  seen 

,  increase  as  the  3di  4d,  4f,  and  5d 
lardly  change  at  all  or  Increase  only 
slightly  In  other  cases.  It  was  determined  that  shifting  of 
the  Kp,  2  line  In  atoms  (Z  »  20  to  29)  of  compounds  with  the 
same  type  of  binding  are  deteiaalned  mainly  by  the  change  In 
number  of  the  d  valence  electrons.  Removal  of  one  d  electron 
results  In  shifting  of  the  Kp#,,  line  In  the  shortwave  direc¬ 
tion  by  “2  ev.  Redistribution  of  valence  electrons  of  the 
type  a  -♦  d  and  s  -•  p  results  in  an  analogous  effect  approxi¬ 
mately  equal  to  1  ev. 


that  °4g  ap  ana 
sheila  are  filled  but 


and 
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This  review  is  based  on  II6  references,  only  15  of  them 
Soviet,  and  Includes  the  following  topics:  classification 
of  Auger  electrons,  the  energy  of  Auger  electrons,  conversion 
Intensities  of  Auger  electrons,  K,  L,  and  M  fluorescence 
yields,  and  the  Coster-Kronlg  effect. 

A  section  on  the  K-«f  lucres cence  yields  Is  a  summary  of 
in  <*.h«  literature  from  1956  through  1959 • 

Or  ♦'!'  r  •r  .;  ■ .vr :  i  j  .1  ..if,-.  ..ertion,  only  three  are  Soviet: 

■u-  .  1  I •  li  I  '  .  iu.olher  with  conversion 


Llstengarten,  M.  A.  The  Auger  effect.  IN:  Alcademlya  nauk 
SSSR.  Izvestlya.  Serlya  flzicheskaya,  v.  24,  no.  9,  i960. 
1041-1075.  AS262.A62455*  V.  24 


electrons  of  Yb'®*  and  Tl^®®  (K  Auger  yield  =  4.5  +  2.2^), 
and  only  the  third  with  fluorescence  yields.  It  is  pointed 
out  that  data  available  prior  to  1956 are  summarized  in  two 
non -Soviet  publications. 

The  experimental  values  of  K  fluorescence  yields  calcu¬ 
lated  by  different  authors  and  the  values  determined  from 
the  following  formula  are  given  in  Table  9’ 

[<*>k/(1— =»  — a  +  BZ— CZ»  (C=aA)  (l) 

A  section  on  L  and  M  fluorescence  yields  is  based  almost 
exclusively  on  non-Soviet  sources  (only  one  Soviet  reference). 
Using  the  non-Soviet  experimental  data  and  making  some  addi¬ 
tional  asaximptlona,  the  author  calculated  the  average  1*1, 
fluorescence  yields  for  elements  with  Z  =  54-5b.  For  sub¬ 
shells  Li,  Lii,  and  Ljii,  fluorescence  yields  are  0.05, 

0.09,  and  0.07,  respectively. 

On  the  basis  of  all  of  the  available  data,  the  fluorescence 
and  the  Coster-Kronlg  yield  curves  are  plotted  (Pig.  5)  sim¬ 
ilarly  to  those  of  B.B.  Kinsey,  except  that  the  latest  ex¬ 
perimental  data  for  Z  =  47>  54,  and  56  are  included  and  the 
curves  extended  up  to  Z  =»  47.  The  reference  points  are  taken 
as  Z  =  55  and  Z  =  82;  Auger  widths  are  assumed  to  increase 
linearly  from  Z  =  47  to  Z  =  82  and  to  Increase  even  faster 
for  Z  >  82.  Some  other  assumptions  have  also  been  made  in 
order  to  obtain  better  results. 

In  Pig.  5,  curve  o  is  correct  to  within  lOjC  for  Z,  between 
73  and  92  and  to  within  15  to  20^  for  other  values  of  Z. 

The  error  is  of  the  order  of  2056  for  and  u>g .  These  curves 
are  believed  to  be  more  accurate  than  those  obtained  by  H. 

Lay.  Table  10  shows  experimental  data  and  results  obtained 
from  the  curve  of  Fig.  5  and  Lay's  curve. 
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Table  9.  K  Fluorescence  Yields 


*  A  value  from  a  Soviet  source. 

**  The  values  of  constants  used  in  equation  (1)  are  taken  from 
Nuclear  Spectroscopy  Tables,  by  A.  Wapsta  et  al., 
Amsterdam,  1959. 


f  The  values  of  constants  vised  in  equation  (1)  are  taken  from 
Laberrique  et  al.,  J.  Phys.  et  Radium,  v.  17,  1956. 


Fig.  5.  FluoMBOwe#  yield  (solid  lines)  ai^ 
Coster-Kronig  yield  (broken  lines)  for  L  sub¬ 
shells  (1,  k  s  1,2,3)- 


Table  10.  Mean  L  Fluorescence  yield  «l 
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Fluorescence  Yields 


10.  Konptantlnov^  A.  A.«  T.  Ye.  Sazonova,  and  V.  V.  Perepelkln. 
Petennlnatlon  of  L  x-ray  fluorescence  yield  of  Cu** , 

and  V*i.  IN:  Akademiya  nauk  SSSR.  Izvestiya.  Sefiya 
fizichesjcayaj  v.  24,  no.  12,  i960,  1480-1483* 

AS262.A62455>  v.  24 

A  proportional  4  n  counter  was  used  to  record  the  II  x-ray 
quantum  yield  of  Qe^',  Zn”*,  and  Cr*^  Isotopes  in  the  process 
of  electron  capture.  The  total  pumber  of  L  quanta  was  ob¬ 
tained  by  Introducing  experimentally  obtained  corrections 
due  to  absorption.  These  results  amd  the  data  on  the  number 
of  vacancies  in  the  L  shell  due  to  electron  capture  were 
used  to  determine  the  L  fluorescence  yields  for  the  daughter 
products  given  in  Table  11.  Two  different  values  of  fluor¬ 
escence  yield  were  obtained  for  Qa”  and  V**  when  two  differ¬ 
ent  sources  of  Oe^^  and  Cr  ^  were  used. 

Table  11.  L  Fluorescence  Yields 


Isotope 

Yield 

0.68 

0.60 

Du*** 

0.56 

0.22 

0.25 

-  26  - 


11.  Konstantinov,  A.  A.,  I.  A.  Sokolova,  and  T.  Ye.  Sazonova. 

Determination  of  K  x-ray  fluorescence  yields  of  V*i,  Mn**, 
Cu**  ,  and  Qa’’'^.  IM:  Akademlya  nauk  SSSR.  Izvestlya. 

Serlya  flzlcheskaya,  v.  25,  no.  2,  1961,  228-232. 

AS262.A62455>  v.  25 

The  total  number  of  Auger  electrons  and  the  total  K  x-ray 
quantum  yield  formed  as  a  result  of  disintegration  of  Cr*', 
Pe*®,  Zn*® ,  and  Oe’’'  Isotopes  by  electron  capture  were  deter¬ 
mined  with  the  aid  of  a  proportional  x  counter.  From  these 
data,  the  K  x-ray  fluorescence  yields  of  the  daughter 
products  listed  In  Table  12  were  determined. 

Table  12.  K  x-Ray  Fluorescence  Yields 


Element 

Yield 

j 

0.23  +0.02 

1 

0.27  +0.02 

Gu''® 

0,42  +0.02 

0.47  +o.oi 

12.  Llstengarten,  M.  A.  Calculation  of  the  probability  of  the 
Auger  effect.  IN:  Akademlya  nauk  SSSR.  Izvestlya.  Serlya 
flzlcheskaya,  v.  25,  no.  7,  1961,  792-797. 

AS262.A62455,  v.  25 

A  general  relativistic  formula  for  the  Auger  transition 
probability  derived  from  the  relativistic  theory  of  retarded 
interaction  between  two  electrons  In  JJ  coupling  was  used 
to  calculate  by  means  of  an  electronic  computer  the  Auger 
K-LL  transition  probability  for  elements  with  atomic  num¬ 
ber  8l.  Prom  this  data,  the  K  x-ray  fluorescence  yield  for 
the  elements  with  Z  »  8l  was  determined  to  be  uk  O.962. 
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13.  Li8tengai*ten,  M.  A.  Calculation  of  the  probability  of  the 
Augpr  effect  for  heavy  elements.  IN:  Akademlya  nauk  SSSR. 
Izvestlya.  Serlya  flzlcheskaya,  v.  26,  no.  2,  1962,  I82-190. 

AS262.A62455.  v.  ,26 

I 

A  general  relativistic  formula  for  the  probability  of 
Auger  transition  Is  derived  from  the  relativistic  theory 
of  retarded  Interaction  between  two  electrons  In  JJ  coup>- 
llng.  This  formula  Is  used  to  calculate  by  means  of  an 
electronic  computer  the  Auger  K>-LL  transition  probabilities 
for  elements  with  atomic  numbers  Z  between  65  and  92.  The 
probabilities  of  Auger  K-LL  treinsltlons  obtained  differ 
considerably  from  nonrelatlvlstlc  calculations.  To  check 
the  results,  the  K  fluorescence  yields  were  calculated 
(Table  13)  for  the  elements  with  Z  «  65,  81,  and  92  using 
the  probabilities  of  Auger  K-LL  transitions  calculated  by 
the  author  and  data  on  the  K  level  width  available  In  other 
publications.  Table  14  shows  values  of  K  fluorescence 
yield  cuj^  for  elements  with  Z  between  63  and  93  determined 
by  Interpolation  using  the  K  fluorescence  yields  of  elements 
with  Z  *  65,  81  (from  an  earlier  woric),.and  92  as  anchor 
values . 

Table  I3.  Fluorescence  Yields 


z 

“k 

65 

0.924 

81 

0.962 

9P 

0.96? 

Table  l4.  K  Fluorescence  Yields  Interpolated  Fran  the  Anchor  Values 
for  Eleswnts  With  Z  »  65,  81,  and  92 


z 

U) 

K 

z 

U)j^ 

1 

65, 

0:924 

81 

0.962 

67 

®.950 

85 

0.962 

69 

0.956 

85 

0.965 

71 

0.941 

87 

0.965 

75 

0.946 

39 

0.965 

75 

0.951 

91 

0.963 

77 

0.956 

92 

0.965 

79 

0.960 

95 

0.965 

28  - 


14.  Rumsh,  M.  A.,  and  V.  N.  Shchemelev.  Determination  of  fluor¬ 
escence  yield  by  measuring  the  x-ray  photoeffect  in  a  mas$ive 
cathode.  Zhumal  eksperimental 'noy  i  teoreticheskoy  fiziki, 
V.  42,  no.  3,  1962,  727-735.  QC1.Z47,  v.  42 

Groups  of  photoelectrons  from  the  x-ray  photoelectric 
effect  in  a  massive  cathode  are  analyzed.  It  is  shown  that 
the  contributions  of  different  photoelectron  groups  change 
with  variation  of  the  x-ray  wavelength.  At  the  K  edge,  the 
contribution  of  one  electron  group  to  external  emission 
vanishes,  resulting  in  a  Jump  of  the  quantum  yield.  It  is 
also  shown  that  the  experimental  Jump  oi*  the  quantum  yield 
is  related  directly  to  the  Auger  yield  and  that  the  Auger 
yield  and  the  fluorescence  yield  can  be  calculated  from  a 
measurement  of  the  Jump  of  the  photoelectric  quantum  yield. 


Table  15.  L  Fluorescence  Yield 


Element 

z 

— 

K  Jump  of 
absorption 

K  Jump  of 
quantum  yield 

L  fluores¬ 
cence  yield 

T.  '• 

22 

9.2 

5.9 

0.22 

V 

23 

9.1 

5.75 

0.24 

Cr 

24 

8.9 

5.55 

0.26 

Mn 

25 

8.8 

5.56 

0.28 

The  formulas  derived  are  verified  for  Cr.  The  Auger  yield 
according  to  photoemlsslon  data  Is  shown  to  agree  satisfac¬ 
torily  with  the  mean  values  of  other  authors.  The  photo¬ 
electric  effect  Is  used  to  determine  the  fluorescence  yields 
of  the  elements  shown  In  Table  I5.  It  Is  pointed  out  that 
In  determining  the  Auger  yield  the  reliability  of  the  method 
will  Increase  with  Increasing  values  of  the  yield,  l.e., 
with  decreasing  atomic  number. 
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Reference  Works 


15.  Vaynshteyn,  E.  Ye.,  and  M.  M.  Kakhana,  comps.  Spravochnyye 
tablltsy  po  rentgenovskoy  spektroskopli  (Reference  tables 
for  x-ray  spectroscopy).  Moskva,  Izd-vo  AN  SSSR,  1953. 

270  p.  QC453.V3 

This  Is  the  first  of  a  proposed  two-volume  reference  work 
compiled  from  data  available  prior  to  1952  for  specialists  In 
x-ray  spectroscopy.  [The  second  volume  is  unavailable  at 
the  Library  of  Congress  and  may  never  have  been  published.] 

The  tabulated  material  Includes  the  following:  wavelengths 
of  diagram  and  nondiagram  emission  lines  and  absorption 
edges  of  elements,  their  relative  Intensities  (K  and  L  series), 
and  energies  of  x-ray  levels  for  atoms  of  elements  In  Rydberg 
units.  The  tabulated  material  was  obtained  from  Slegbahn, 
Cauchols,  and  Halubei,  and  scientific  papers  published  during 

1927-1952. 


16.  Borovskly,  I.  B.  Plzichesklye  osnovy  rentgenospektral 'nykh 

Issledovanly  (Physical  principles  of  x-ray  spectral  analysis). 
Moskva,  Izd-vo  Mosk.unlv.,  I956.  462  p.  QC481.B74 

This  is  an  advanced-level  textbook  on  the  physics  of 
x-rays  and  x-ray  spectroscopy  used  at  Moscow  State  Univer¬ 
sity.  Particular  attention  is  paid  to  the  dynamic  theory 
of  x-ray  Interference  and  the  kinetic  diffraction  theory. 
Topics  closely  associated  with  solid-state  physics,  such  as 
the  fine  structure  of  x-rays,  are  not  covered.  The  value 
of  this  book  Is  dlWlnished  by  the  fact  that  no  bibliography 
la  given.  The  chapter  on  the  Intensity  of  characteristic 
x-ray  spectra  contains  a  table  of  average  experimental  fluc-r- 
rercense  yield  values  (prior  to  1955),  which  appears  to 
have  been  taken  from  non-Soviet  sources. 


17.  Blokhin,  M,  A.  Plzlka  rentgenovskikh  luchey  (Physics  of 
x-rays).  2d  ed.,  rev.,  Moskva,  Plzmatglz,  1957.  5l8  p. 

QC481.B68  1957 

This  Is  the  only  known  Soviet  monograph  dealing  with  the 
physics  of  x-rays  published  in  the  Soviet  Union  since 
1930.  The  table  of  contents,  a  listing  of  the  major  tables, 
and  a  brief  discussion  of  the  sources  listed  In  the  biblio¬ 
graphy  have  already  appeared  In  the  Introduction .to  this  re¬ 
port.  This  monograph  can  be  used  to  trace  Soviet  (and 
Western)  developments  In  the  field  of  x-rays. 
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2.  Solar  X-Ray  Radiation 


Major  studies 


18.  Ivanov-Kholodnyy,  0.  S.  Rocket  obBervatlons  of  shbrtwave 
solar  emission.  IN:  Akademlya  nauk  SSSR.  Izvestlya. 

Serlya  geoflzlcheskaya,  ho.  1, 1959^  108-121. 

QC801.A35  1959 

The  article  Is  a  survey  of  data  published  In  scientific 
literature  prior  to  December  1958  on  ultraviolet  and  x-ray 
solar  emission.  Although  It  Is.  primarily  a  summary  of  ob^ 
servatloi^  results,  some  conclusions  and  deductions  are  made. 
The  paper  Is  based  on  79  sources,  68  of  them  non -Soviet. 

The  paragraphs  dealing  with  x-ray  spectra  are  based  almost 
exclusively  on  American  sources..  On  the  basis  of  available 
experimental  data,  the  author  states  that  x-ray  emission 
from  the  solar  corona,  except  in  the  region  of  3  to  9  A, 
can  be  represented  by  thermal  radiation  of  a  rarefied 
medium. 


19.  Kazachevskaya,  T.  V.,  and  Q.  S.  Ivanov-Kholodnyy.  Contin¬ 
uous  solar  emission  in  the  x-ray  region.  Astronomicheskiy 
zhumal,  v.  36,  no.  6,  1959#  1022-1027.  QB1.A47,  v.  36 

The  average  daunt  factor  for  x-ray  emission  from  the 
solar  corona  due  to  free-free  transition  Is  calculated  for 
17  different  values  of  wavelengths  from  1  to  10^®  A  for 
temperatures  of  lO-*  and  2*  10*  ^K,  The  values  of  the  aver¬ 
age  daunt  factor  are  then  used  to  calculate  the  Intensity 
of  solar  radiation,  and  the  theoretical  spectrum  thus  ob¬ 
tained  Is  compared  with  obervatlonal  data.  The  temperature 
of  the  solar  corona  is  also  estimated. 

On  the  basis  of  the  data  derived  and  available  data  on 
radio  emission  Intensity,  the  authors  conclude  that  the 
x-ray  emission  from  the  sun  in  the  10  to  100  A  region 
as  recorded  by  rockets  is  mainly  continuous.  A  later 
article  [20]  by  Ivanov-Kholodnyy,  however,  admits  that  the 
Intensity  values  in  the -speetxfll  region  of  100  to  3OO  A 
calculated  In  this  paper  are  approximately  20  tiroes  too 
high.  Consequently,  the  x-ray  solar  radiation  in  the  spec¬ 
tral  region  of  10  to  100!  A  as  recorded  by  rockets  would 
be  primarily  linear. 


-  31  - 


Ivanov -Kholodnyy,  Q.  S.,  and  Q.  M.  Nlkol 'skly .  Ultraviolet 
solar  radiation  and  the  transition  layer  between  the  chrotno 
sphere  and  corona.  Astronomlcheskly  zhumal,  v.  38,  no.  1, 
1961,  45-65.  QB1.A47,  V.  38 

The  authors  hold  that  previous  theoretical  calculations 
of  the  absolute  Intensity  of  shortwave  solar  radiation  do 
not  agree  with  observational  data  because  of  the  lack  of 
plausible  concepts  of  physical  conditions  In  the  transition 
region  between  the  chromosphere  and  the  corona.  They  devel 
op  a  method  to  determine  the  absolute  Intensity  of  each 
shortwave  spectral  line  emitted  by  the  sun  without  recourse 
to  a  model  of  the  solar  transition  region. 


The  initial  data  required  for  the  determination  of  the 
absolute  Intensity  of  spectral  lines  are  the  Intensities  of 
some  of  the  definitely  Identified  shortwave  solar  lines. 

The  Intensity  of  radiation  of  an  Ion  In  a  spectral  line  of 
the  transition  layer  Is  determined  from  the  following 
expression: 


n*T-i*dh, 


(1) 


where  n«  Is  the  electron  concentration;  T  Is  the  absolute 
temperature;  and  h  Is  the  height  above  the  photosphere. 


For  Ion  emission  lines  In  the  whole  temperature  range 
of  the  transition  region,  can  be  calculated  using  the 

Ionization  temperature  Tj^  as  a  parameter*. 


2.3-iO»/X 


(2) 


where  %  Is  the  amount  of  a  given  element  In  comparison  to 
hydrogen;  f  Is  the  oscillator  strength,  and  fW'T®/^  is  the 
excitation  probability  of  a  line  with  a  wavelength  \  due 
to  Impact  with  an  electron. 

The  expression  for  A9,  was  calculated  on  the  assumption 
that  excitation  due  to  electron  Impacts  Is  balanced  out  by 
spontaneous  transitions.  The  dependence  of  A(|>i  on  T^  was 
obtained  from  the  available  absolute  Intensity  data  on  26 
spectral  lines  In  the  region  \  -  1200  a.  The  graph  of 


A(Pi  (Tj^)  makes  It  possible  not  to  use  a  model  of  the  trans¬ 
ition  region.  Formula  (2)  for  the  resonance  lines  can  be 
written  as 


/ 

“sr 


4.3.10-‘» 


r'(x.rrt 

— I — 


Ae(r/). 


(3) 


Here,  I/Jfi*  Is  a  function  of  parameters  \  and  T^.  The  A<pi 
In  this  formula  contains  all  of  the  main  characteristics 
of  the  radiation  power  of  the  transition  layer. 

In  order  to  simplify  Intensity  calculations,  formula  (2) 
can  be  represented  nomographlcally.  In  the  nomogram, log 
I/^f  Is  plotted  as  a  function  of  log  T±,  giving  a  family 
of  curves  for  a  range  of  values  of  ^ . 

The  authors  also  clonstruct  a  model  of  the  transition 
region  between  the  chromosphere  and  the  corona  for  active 
and  undisturbed  regions.  The  model  Is  in  agreement  with 
Ionospheric  data  and  the  radio  emission  of  the  svin. 


Ivanov-Kholodnyy,  G.  S.,  and  G,  M,  Nlkol’skly.  Prediction 
of  solar  line  emission  In  the  shortwave  spectral  region. 
Astonomlcheskly  zhumal,  v.  38,  no,  5,  I96I,  828-843. 

(iBl.A47,  V.  38 

A  method  developed  earlier  by  Ivanov-Kholodnyy  and  Nlkol'- 
skly  [20]  Is  used  to  calculate  the  absolute  Intensities  of 
480  of  the  stronger  shortwave  lines  In  the  ultraviolet  and 
x-ray  spectral  regions  of  the  sun  (Table  I6).  Since  the 
highest  degree  of  ionization  of  elements  In  hot  coronal 
condensations  Is  unknown,  all  of  the  emission  lines  of  ions 
due  to  allowed  transitions  of  all  Isoeleetronlc  series  were 
considered.  The  possible  maximum  temperature  was  taken  to 
be  approximately  equal  to  3* 10*  *K. 

The  column  designations  In  Table  16  require  some  explana¬ 
tion:  In  the  second  column,  the  word  series  denotes  the 
Isoeleetronlc  sequence.  In  the  third  column,  Tj,  Is  the 
Ionization  temperature  characterizing  the  maxlnmm  Ion  con¬ 
centration.  It  Is  determined  from  the  curve  showing  the 
variation  of  Ion  concentration  with  electronic  temperatui*e 
by  a  method . developed  In  [20].  Symbol  %\  Is  the  Ionization 
potential.  In  the  fifth  column,  the  wavelengths  of  short¬ 
wave  lines  were  calculated  from  tables  of  atomic  energy 
levels  by  C.  E.  Moore.  Terms  not  given  In  those  tables  were 
obtained  by  extrapolating  along  lsoelectr<>nlc  sequences,  and 
the  corresponding  wavelengths  are  given  In  parentheses. 


Lin«8  belonging  to  the  same  multlplet  are  enclosed  by  braces. 
In  some  eases,  only  the  wavelengths  of  bovmdary  lines  of  a 
multlplet  are  given.  In  such  cases,  the  strongest  line  Is 
given  first,  and  the  value  of  I  In  the  table  Is  the  sum  of 
component  Intensities. 

The  seventh  column  lists  the  known  oscillator  strength 
values.  When  the  f- values  are  unknown,  they  are  assumed 
to  be  equal  to  1  for  resonance  excitations  of  Ions  and 
between  0.5  and  0.1  for  excitation  of  higher  levels.  Th^se 
f -values  are  given  in  parentheses. 

In  reference  to  the  last  column.  If  several  transitions 
are  possible  from  the  same  excited  level,  the  line  Intensity 
due  to  transitions  into  the  ground  state  (3  -•  l)  Is 


-i-a  X  *  A  — ® 

EA 

For  the  transition  (3  -*  2), 

Ass 

I,.  «  I  -  . 

^A 


Here,  A  Is  the  spontaneous  transition  probability. 


[Table  I6  follows,] 
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Table  16 •  Abaolute  Intenaltiaa  of  Solar  EDlaslon  Lines 


HoJlt^oirle|^^ljdTranaltion  I  A  f  ^ 


r.  VI 

4M.» 

(6.S) 
N  Vll 
G(i6.8 

(6.4) 
O  VIII 
871 

(6.5) 


1«V  — 2/»»P* 

—  .V7** 

—  4j»»l»* 

— 

— 

2p*^*— 3<P/) 
l**J-2p»J»* 

<i*J-2p*l** 


1AS-2;>»P* 

2^P*-3<(*0 


No  Villi 
2311.0 
3.82 
N*  IX 

299.8 
5.97 

X 

307.4 
6.08 
Al  XI 

441.9 

8.2 

Si  XII 
523.2  I 
8.23 

s  XIV  1  — 

(636) 


3(p»^-5tV 

3»V-3^J»* 


(000.9)1 

(624.9)/. 


(40-.  .3)1 
(321  I)/ 
(41) 

(421)  I 
(446)  / 


0.06  (0.2) 
0.05  (0.15) 


0.01  (0.2) 
0.05  (0.13) 


0.03  (0.2) 

0.3  (0.1) 


Tabic  16  (Cont.) 


36 


t 


Tablo  (Cont • ) 


M.Nk 


Mi 


loi 

UTl 


Triulsition 


98 

09 

100 

101 

102 

103 

104 

105 

106 

107 

108 
100 
110 
111 
112 

113 

114 
US 
116 

117 

118 

110 

120 

121 

122 

123 

124 

125 

iS 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 
138 

140 

141 

142 

143 

144 

145 

146 

147 

148 
148 

150 

151 

152 


N  in 
47.43 
4.7 


0  IV 
77.30 
5.05 


N#  VI 
151.0 
5.52 


—  2p”0 

— 

—  iiPD 

-2p>*D 
—2p>»S 

-2p^P 

—  ;w*o 

2p"D—  2iP*D’ 

2b“P  — 

2»*P*  —  3f*^ 

'  -2iP*S 

-2^D 

—  2p*P 
2p»*/)-3p*P* 


X.  A 


erg^ 


JiR 

itfi 


/ 


Na  VII 
208.4 
5.7 

Mg  VIIl 
281.0 
5.82 


At  IX 
330.1 
6.00 
Si  X 
401.3 
8.06 


P  XI 
478.4 
8.2 


2p“P*-3i*S 

-IjfD 

l2p»P‘  -  2r^S 

~2f»D 

-3PS 

-2p"P 

2p*‘P-2p"5* 
2jp*p_2p»i>* 
-2p»P* 
l2p»J-2p"I> 

-2p"P* 
2p«»i)-2p"P* 
2j>P*-2p«J 
_2p“D 

l2p*P*-2p«J 

_2p*0 

-2p»P 
—  3il»i> 

|2p»P  — 2p"i>* 

'  _2p»P* 

2**'X)  — 2p»P* 
-2p»i>* 
2j«-2p"P* 
2^P-2^^ 

2p»P*— 2p*»i7 


980.8— 
-991.0 

764.4 
687 

374.2 
2711.  !t 

270.6 

790.2 

787.7 
(100.8 
K0H.4 

554.1 

.  2:i«.6 

779.. 8 

260.4 
62.').  1 

138.6 

432.4  1 
4:«).0  / 

562.8  I 

558.6  / 

399.8—  \ 
—403.3  ; 

171.2  1 

171.1  / 

.381.3 

401 .9— 1 
-486.7  f 

.339.0  \ 

3.35.3  / 

4.36.7- 1 
-4.W.5  ; 

82.6  1 
&3.2  / 
311.8-\ 
—317.0  / 

352.4 

680.3 

400.8 

597.7- 1 
-597.2  / 

442.2 

342.2 
.305.1 
302.4-1 

-:i85.0  / 

277.3  I 

272.1  / 

3.36.1  1 
.3.7.5  / 

258.4 
50.5  1 
50.7  / 

555.0 
392.0—1 


—390.3 

280.0 

340.0 

360.8 

287.2 
54.5 

325.2 

315.3 


0.02 

0.008 

0.004 

2-10-* 

0.05 

1.5 

0.8 

0.6 

0.02 

0.2 

0.01 

0.3 

0.a3 

0.5 

0.8 

0.4 

0.02 

0.015 

0.')2 

0.25 

0..3 

0.1)2 

0.25 

0...' 

0.1 

0.1 

O.l 

0.1 

0.1 

0.04 

0.05 

0.3 

0.4 

0.3 

0.02 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.015 

0.01 


(0.5) 

(0.5) 

(0.2) 

(0.2) 

(0.2) 

(0.5) 

(0.5) 

(0.2) 

(0.2) 

(0.1) 

(0.2) 

(0.1) 

(0.2) 

(0.5) 

(0.5) 

(0.2) 

(0.2) 

(0.5) 

(0.5) 

(0.5) 

(0.5) 

(0.2) 

(0.2) 

(0.1) 

(0.1) 

(0.1) 

(0.1) 

(0.1) 

(0.5) 

(0.5) 

vO.5) 

(0.5) 
(0.2) 
(0.5) 
(0  1) 
(0.1) 

(0.1) 

(0.1) 

(0.1) 

(0.1) 

(0.1) 

(0.5) 


O.nl 

O.tHM 

8-I0-* 

4'10-* 

0.01 

0.5 

0.2 

o.;i 

0,1 

0.1 

0.004 

0.002 

0.001 

0.03 

0.006 

0.015 

0.008 

0.02 

0.015 

0.08 

0.002 

0.001 

0.008 

0.01 

0.08 

0.04 

0.15 

0.002 

0.001 

0.05 

0.015 

0.003 

0.003 

0.003 

0.003 

0.003 

0.02 

0.025 

0.1 

0.05 

0.15 

0.07 

0.06 

(  .006 

O.003 

0.006 

0.006 

0.006 

0.006 

0.006 

0.02 

O.002 

0.003 

0.002 


0.2 

0.5 


0.3 

0.3 

0.3 

0.3 

0.3 


0.3 

0.3 

0.3 

0.3 

0.3 
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Tabla  16  (Cont.) 


.MM 

Ifvn  ! 
*,  '•r.  ; 

Transition 

A 

1  8«e 

,  1 

ere^*l 
Me  1 

153 

—  2p^S 

254.0— \ 
—247.9  / 

0.01 

(0.5) 

0.005 

154 

—  2^P 

240-  1 
-232  / 

0.008 

(0.5) 

0.004 

155 

—  3*».S 

46.1 

5-10-< 

(0.2) 

1.10-« 

156 

S  XII 

2iPP*-2p"D 

(290)-  1 
-(:i02)  / 

0.3 

(0.5) 

<0.15 

157 

564.6 

231 .5 

0.2 

(0.5) 

<0.1 

1S8 

(6.3) 

—  3**^ 

(38) 

0.02 

(0.5) 

<0,01 

150 

2iP*P-2f**S‘ 

(239) 

<0.01 

lUO 

All 

Si  11 

if^P*  —  4i».S 

1533.4  1 

0.1 

(0.2) 

0,015 

161 

16.34 

1526.7  / 

0.1 

(0.2) 

0.008 

162 

4.0 

—  2p>*D 

1817.1  \ 

1 

(0.5) 

0.3 

163 

1808.2  / 

0.15 

104 

165 

S  IV 
47.29 

3f^P*-Z]i»S 

810.0  \ 
809,7  1 

0.01 

(0.5) 

0.03 

0.002 

166 

4.67 

1062.7—1 
-1073.3  / 

0.03 

(0.5) 

0.015 

167 

168 

A  VI 
81.41 

ZfP*-2jP*S 

50G.7  1 
589.0  / 

0.006 

(0.5) 

0.002 

0.001 

168 

5.15 

—  Zp^P 

5i5 —  1 

-5:»5  / 

0.002 

(0.2) 

510-* 

170 

—  2p^JJ 

457-  1 
—461  / 

0.001 

(0.5) 

510-* 

171 

172 

C*  VllI 
148.1 

3/PP*-ilP>D 

596.9  1 
.5.S2.8  / 

0.015 

(0.5) 

0.004 

0.002 

173 

174 

5.47 

—  3p»S 

471.1  \ 

461.7  / 

0.007 

(0.5) 

0.002 

0.001 

175 

176 

F#  XIV 
380 

(••’.56)  1 

(342)  / 

1.2 

(0.5) 

0.4 

0.2 

6.20 

177 

-3p**P 

(2ti6)  1 

1 

(0.2) 

0.15 

178 

(264)  / 

0.05 

179 

180 

—  2p»S 

(285)  1 

(276)  / 

1 

(0.5) 

0.3 

0.2 

181 

182 

—  3rf*/> 

(223)  1 

(208)  / 

0.8 

(0.5) 

0.3 

0.1 

183 

—  4»*J 

.59.0  1 

0.2 

(0.5) 

0.05 

184 

59.6  f 

0.05 

185 

Ni  XVI 

Z^P*  —  ZtP*D 

(312)  1 

0.06 

(0.5) 

<0.02 

186 

(480) 

(;«»())  ; 

<0.01 

187 

188 

(6.3) 

-Z^S 

(250)  1 

(242)  ; 

0.06 

(0.5) 

<0.02 

<0.01 

188 

180 

-Zp^P 

(2.36)  1 

(233)  ; 

0.05 

(0.2) 

<0.006 

<0.003 

181 

182 

8cl 

—  Z^D 

(199)  1 

(190)  / 

0.04 

(0.5) 

<0.015 

<0.005 

193 

Fe  VI 
102 

296.7— \ 
-293.5  / 

0.025 

(I) 

0.025 

194 

H«I 

5.25 

285.0-1 
-283.0  / 

0.025 

(0.3) 

0.01 

195 

lit  1 

\^S-2p*P* 

584.4 

2 

0.36 

0.7 

196 

24.56 

—  Z^P* 

5.37.0 

0.6 

0.07 

0.04 

197 

4.25 

522.2 

0.3 

0.03 

0.01 

196 

C  V 

i^-2fiP* 

40.3 

0.08 

0.36 

0.03 

382 

6.14 

Table  16  (Cont.) 


MM 

^arla 

I  ICD 

^  *i  >tT( 

Transition 

X,  A 

/ 

Lviii> 

Me 

190 

N  VI 

1*«J  — 2p>P* 

28.8 

0.01 

0.36 

<0.003 

551.9 

(6.35) 

200 

0  VII 

1j“^  — 2p*P* 

21.6 

0.4 

0.36 

<0.15 

201 

739.1 

—  3p»P* 

18.6 

0.2 

0.07 

<0.015 

202 

(6.4) 

2p»P*  — .W 

(1.38.3) 

0.2 

0.05 

<0.002 

203 

2**J  — 2p*/** 

1642.3 

0.4 

(0.1) 

<0.001 

204 

C  III 

2f*»^  —  2p*i** 

077.0 

0.6 

1 

0.6 

205 

47.86 

—  2p*P* 

1908.6—1 
—1911.5  / 

2 

(0.1) 

10.2] 

206 

4.68 

2p»P*  -  .W 

5:«.3 

0.005 

(0.2) 

0.001 

207 

—  tuPD 

371.7 

410-« 

(0.1) 

4.10-* 

208 

-2p“P 

1176.0 

0.1 

0.1 

0.01 

200 

2j>‘i**-2p«0 

2297.6 

0.1 

(0.2) 

0.005 

210 

-2p*'^ 

547.9 

0.025 

(0.1) 

O.CHll 

211 

690.9 

0.004 

(0.1) 

10-^ 

212 

N  IV 

2t*'S  —  2p‘P* 

765.1 

0.02 

0.5 

0.01 

213 

77.45 

5.05 

-IfPP' 

1490—  1 
—1488  / 

0.08 

(0.1) 

(0.008] 

214 

2p‘P*  —  2p^P 

922.0—1 
—923.6  / 

0.03 

(0.2) 

0.006 

21S 

2p»P*  —  2p'D 

1717.5 

0.03 

(0.2) 

0.006 

216 

OV 

2*“^  — 2p‘P* 

629.7 

1.5 

0.2 

0.3 

217 

218 

113.9 

5.26 

-2p»P* 

1217.7  1 
1216.9  / 

5 

(0.2) 

10.5) 

219 

-  3fiP* 

172.2 

0.02 

(0.1) 

0.002 

220 

2p»P'-2p»P 

7.'>«.7-l 
-761.9  / 

0.9 

(0.1) 

0.09 

221 

2p'P*  —  2p"/> 

1371.3 

0.7 

0.07 

222 

-2p*'S 

774.5 

0,5 

(0.1) 

0.0.5 

223 

N*  VII 

2i**S-2p‘P' 

(464) 

0.4 

(0.2) 

0.08 

224 

207.3 

—  2p>P’ 

{89'.) 

1 

(0.1) 

10. 1] 

5.51 

225 

N«  VIII 

2t*‘S  —  2p>P° 

411.2 

0.02 

(0.2) 

0.004  , 

226 

264.1 

5.86 

-ZjPP’ 

778.9—1 
—793.3  / 

0.05 

(0.1) 

10.005] 

227 

Mg  IX 

2t**S  -  2p‘P* 

,368.2 

0.4 

(0.2) 

0.08 

228 

327.9 

5.90 

—  2p»P’ 

710.3—1 
—692.4  / 

0.6 

(0.1) 

0.06 

229 

A1  X 

2*»‘J  — 2p»P* 

332.9 

0.04 

(0.2) 

0.008 

230 

398.5 

6.1 

Si  XI 

2p*P*  —  2jP»P 

401.2 

0.03 

(0.3) 

0.005 

231 

2t"S  —  2p'P* 

3a3.6 

0.4 

(0.15) 

0.u6 

232 

476.0 

6.14 

—  2p»P* 

565.1—1 
-591.2  / 

0.6 

(0.1) 

[0.06] 

233 

2p»P'  —  2p**P 

365.4 

0.3 

(0.3) 

0.06 

234 

P  XII 

2f*>J  — 2p‘P* 

278.7 

0.01 

(0.2) 

<0.002 

235 

560.3 

Z/PP'  —  2p"P 

3.35.6 

0.008 

(0.3) 

<0.002 

(<•  3) 

(0.3) 

<0.05 

236 

S  XIII 

2j*»J  — 2p'P* 

(257.5) 

0.15 

237 

651.7 

2p»P*  —  2p“P 

(311) 

0.1 

(0.3) 

<0.02 

(6.33) 

Mgl 

(1.5) 

238 

A1  11 

3f»*J  — 3p>P* 

1670.9 

0.03 

0.05 

239 

18.82 

—  3p»P* 

2669.2 

1 

(0.1) 

10.1] 

4.10 

0.06 

240 

Si  111 

3*»‘J  —  3p»P* 

1206.5 

0.06 

(1.1) 

241 

33.46 

—  3p>P’ 

1895.5 

1 

(0.1) 

(0.1] 

. 

4.40. 

242 

S  V 

2$*'S-ZfPP* 

243 

72.5 

5.00 

-  2fPP' 

786.5 

1188. 7-\ 

0.025 

(0.7) 

0.02 

-1203.8  ) 

0.05 

(0.1) 

(0.005] 

0.2 

0.01 


0.4 

0.2 

0.2 
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Table  16  (Cent.) 


MM 

Transition 

IIIM 

El 

n 

nil 

mm 

244 

A  VII 

3f‘*J  — 3p‘P* 

585.8 

0.007 

(0.6) 

0.004 

245 

246 

124 

5.35 

3l^P*  —  3<PD 

475.6  1 
479.4  / 

0.002 

(0.5) 

510-* 

210-* 

247 

Ca  IX 

3**«^-3j>»P* 

466.2 

0.01 

(0.6) 

0.006 

248 

188.2 

5.63 

678.6-1 
-701.1  / 

0.02 

(0.1) 

(0.002) 

249 

Fa  XV 

3*«5  — 3p>P* 

(2U8) 

1 

(0.5) 

<0.5 

250 

457 

-4p‘i»* 

52.9 

0.2 

(0.75] 

<0.1 

251 

(6.33) 

—  3p*/»* 

391.2— \ 
—424.2  / 

1.5 

(0.1) 

<(0.15) 

252 

C«  I 

i^P‘—id*D 

231.5 

0.8 

(0.3) 

<0.1 

253 

Fa  Vll 
128 

a»F  —  t»F* 

231.7—1 
-232.2  / 

0.02 

(0.3) 

0.006 

254 

5.38 

**P  —  ^P* 

230.9 

0.02 

(0.3) 

0.06 

255 

-  t'D* 

245.2 

0.02 

(0.1) 

0.002 

256 

— y»P* 

4»C  — 

152.9 

0.006 

(0.1) 

6.10-* 

257 

Cl 

243.4 

0.02 

(0.1) 

0.002 

258 

Cl 

2iF»P  —  3**P* 

1656—  1 

11.26 

-1657  / 

6 

259 

3.85 

—  2p“X) 

1560—  1 
—1561  / 

1 

(1) 

1 

260 

-2iP»P* 

1328.8 

0.2 

(0.1) 

0.02 

261 

—  iPP* 

1279.7 

0.15 

(0.1) 

0.01 

262 

—  itPD' 

1277.6 

0.15 

(0.5) 

0.07 

263 

—  S<PD* 

1158.1 

0.1 

(0.5) 

0.05 

0.5 

264 

2p“Z)-3«‘i>* 

1930.9 

2 

0.1 

0.1 

265 

2p«J-3*‘/>‘ 

2479.3 

2 

0.1 

0.1 

0.5 

266 

N  II 
29.61 

2l^P-2iF»D 

1085.7-1 
-1084.0  / 

0.01 

(1) 

0.01 

267 

4.40 

~2iF»P* 

916.0 

0.01 

(0.1) 

0.001 

268 

—  2p"S’ 

644.8 

5  10-* 

(0.3) 

10-* 

260 

2^D-2p"£>* 

776.0 

0.003 

(0.1) 

310-* 

0.5 

270 

—  3»‘i»* 

746.9 

51(r* 

(0.1) 

210-* 

271 

2^*>J  — 3f>i>» 

858.5 

5.10-* 

(0.1) 

210-* 

0.5 

272 

0  III 
54.93 

2^P  —  2^P* 

703.9—1 
—702.3  / 

0-6 

(0.1) 

0.06 

273 

4.80 

—  2^D* 

835.3—1 
—832.9  / 

1 

(0.3) 

0.3 

274 

—  ZPP* 

374.1 

0.03 

1 

0.03 

0.5 

275 

2^D  —  2fF'D* 

599.6 

0.26 

(0.1) 

0.01 

276 

—  2p»‘i»* 

525.8 

0.1 

(0.1) 

0.005 

0.5 

277 

2jF^D*—2r^P 

610.9—1 
—609.7  / 

0.03 

(0.3) 

0.01 

278 

2r^S  —  2iP'P* 

597.8 

0.1 

(0.1) 

0.005 

0.5 

279 

—  3PP’ 

434.9 

0.025 

0.8 

0.02 

280 

—  3tPP* 

345.3 

0.006 

(0.1) 

610-* 

281 

Na  V 
126.4 

2f>*P  —  2p"P* 

483.0-1 
-480.4  ; 

0.4 

(0.3) 

0.1 

282 

5.37 

—  2p"i>* 

572.3—1 
—568.4  / 

0.5 

(1) 

0.5 

283 

~2j>"S* 

358,0 

0.1 

(1) 

0.1 

284 

2f^D  —  2]F*V 

416.2 

0.25 

(0.1) 

0.02 

285 

—  2/»"P* 

365.4 

0.1 

(0.1) 

0.01 

286 

—  3PP* 

173.9 

0.01 

(0.1) 

510-* 

0.5 

287 

2iP^S  —  3PP^ 

151.3 

0.01 

(0.1) 

510-* 

0.5 

288 

—  2iF^P* 

416.8 

0.1 

(0.1) 

0.01 

289 

Na  VI 

2l^P—2iF»P* 

414.3 

0.01 

(0.1) 

0.001 

290 

291 

172.4 

5.58 

—  2^D* 

494.3  1 

491.4  / 

0.015 

(0.5) 

0.005 

0.003 

292 

i 

313.7—1 
-311.9  / 

0.01 

(1) 

0.01 
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Table  16  (Cent.) 


MM 

Tranaltlon 

A 

/ 

«rg^* 

Me 

A 

■aT 

293 

2p“Z)  —  2p*>/>* 

.361.2 

0.01 

(0.1) 

0.001 

294 

—  2p»>7»* 

317.6 

0.006 

(0.1) 

6.10-* 

295 

Me  VII 
225.3 

2i^P  —  2p^P* 

367.8—1 
-363.7  f 

0.2 

(0.3) 

0.06 

296 

5.75 

—  2p“/)* 

434.9— \ 
—429.2  / 

0.25 

(1) 

0.25 

297 

—  2p"5* 

278.4 

0.2 

(1) 

0.2 

296 

2iP^D  —  2pPD‘ 

319.0 

0.2 

(0.1) 

0.01 

0.5 

299 

—  2jP'P‘ 

280.7 

0.1 

(0.1) 

0.005 

0.5 

300 

—  3»»P“ 

08.0 

0.02 

(0.1) 

0.001 

0.5 

301 

2p“^  — 3*‘i>* 

102.3 

0.02 

(0.1) 

0.001 

0.5 

302 

A1  Vtll 
285.1 

2p“P  — 3**i>* 

328.2—1 
—323.5  / 

0.02 

(0.3) 

0.008 

303 

5.92 

—  2^D° 

388.0-1 
-:i8l,l  / 

0.02 

(1) 

0.02 

304 

2p“/)  —  3»*P* 

251.3 

0.015 

(0.1) 

0.001 

0.5 

305 

2b“^  — 3*»P* 

287.0 

0.015 

(0.1) 

0.001 

0.5 

306 

Si  IX 
351.8 

2^P—2iP*P* 

296.2—1 
—290.6  / 

0.2 

(0,3) 

0.06 

307 

6.06 

—  2jP*D‘ 

—.342.2  1 
.3.50.0—/ 

0.4 

(1) 

0.4 

308 

—  2p"S‘ 

223.7—1 
—227.0  / 

0.2 

(1) 

0.2 

309 

2p»»i)  — 2p»'i** 

227.3 

0.15 

(0.1) 

0.01 

0.5 

310 

2p»J  — 2p»>/‘* 

259.7 

0.15 

(0.1) 

O.Ul 

0.5 

311 

S  XI 

2iP»P-2p>»D‘ 

-(282)  1 
(293)-  / 

0.2 

(1) 

0.2 

312 

506.4 

—  2iP»P* 

(253) 

0.2 

(0.3) 

0.06 

313 

6.25 

—  2ifS* 

(191) 

0.15 

(0.1) 

0.1 

314 

C«  XV 

2iP‘P-2p"D» 

(228)-  1 
-(210)  ) 

0.1 

(1) 

<0.1 

315 

896.3 

-2i^P' 

(185) 

0.08 

(0.3) 

<0.02 

316 

Sll 

(6.5) 

-2p*.4* 

(IV.) 

0.05 

(I) 

<0.05 

317 

S  III 

1012.6 

0.02 

(0.3) 

0.006 

318 

34.7 

1190.21  1 

0.003 

319 

4.48 

1194.04 

0.006 

320 

1194.43  1 

0.025 

(1) 

0.002 

321 

1200.95  / 

0.012 

322 

1201 .70 
1202.1  ) 

0.002 

32;< 

210-« 

324 

—  .3p“.V 

728.7 

0.002 

(t) 

o.ua 

325 

3lP*D  —  3iP'P’ 

796.7 

0.001 

(0^) 

10-« 

0.5 

326 

A  V 

3f»'5  —  3p>*P‘ 

911.8 

0.001 

(0.1) 

10-* 

0.5 

327 

328 

3^P  —  3iP*D* 

822.2  1 
8:i6.0  / 

0.006 

(I) 

0.003 

0.003 

329 

75.0 

—  3f*V 

716.4 

0.004 

(0.3) 

0.001 

330 

5.03 

—  3l^S' 

527.7 

0.002 

(1) 

0.U02 

331 

C«  VII 

3^P  —  3^D’ 

624.4—1 
-6’.0.5  / 

0.01 

(1) 

0.01 

332 

128.0 

—  .3p»»/»' 

551.5 

0.008 

(0.3) 

0.002 

33.3 

5.39 

—  3i7“3* 

414.7 

0.005 

(I) 

0.005 

334 

r«  Xlll 

3/p»i»  — 3/>*/)* 

(:«»)-  1 
-(.386)  / 

1.2 

(1) 

1.2 

335 

355 

—  3p>»P’ 

(3.30) 

1 

(0.3) 

0.3 

336 

6.18 

—  .3rf"/»* 

(210) 

0.6 

(0.3) 

0.2 

337 

—  3/>"J’ 

(250) 

0.7 

(1) 

0.7 

338 

Ni  XV 

—  4j*P* 

(75) 

0.15 

(0.3) 

U.U5 

339 

3^i»  — 3/>"/)' 

(316)-  1 
-(.346)  / 

0.07 

(1) 

<0.07 

340 

455 

—  3p>»P* 

(290) 

0.06 

(0-3) 

<0.02 

341 

6.3 

—  3<PP‘ 

(182) 

0.04 

(0.3) 

<0.01 

342 

-3p".y 

(220) 

0.05 

(1) 

<0.05 

343 

—  4»»#»* 

(M) 

0.006 

(0.3) 

<0.002 

-  41  - 
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Table  16  (Conb.) 


.MM  Serjfl^ 

A 

Transition 

X.  A 

A 

*  At 

430 

S  IX 

(222 1-  ) 
-  228)  / 

0.1 

i 

(0.3) 

0.03 

431 

379.0 

-ZPS'^ 

56.1 

0.015 

0.015 

0.5 

432 

6.1 

(555) 

0.2 

(0.1) 

0.01 

433 

2^S  —  2i^P* 

(488) 

0.2 

(0.1) 

0.01 

0.5 

434 

A  XI 

2^P-2l^P* 

(188)-  ) 
-(195)  / 

0.03 

(0.3) 

<0.01 

435 

5.39. 5 

(39.7) 

0.004 

(1) 

<0.004 

(6.3) 

2p»P  —  2iP»P* 

436 

Ca  XIII 

(162)-  ) 
—  (171)  / 

0.05 

(0.3) 

<0.02 

437 

728.8 

-iPS* 

(20.6) 

0.005 

(1) 

<0.005 

SI 

(6.4) 

438 

S  I 

3p»P  —  iPS’ 

1807.3  1 

0.55 

439 

10.36 

1820.3  \ 

1 

(1) 

0.33 

440 

i 

(3.7) 

1826.2  J 

0.11 

441 

442 

—  3t*D‘ 

1474.0  ) 
1483.0  / 

0.1  ' 

(1) 

0.05 

0.025 

443 

A  III 

3f^P  —  3p“/>* 

887.4  1 

(0.3) 

4.10-* 

444 

40.9 

879.6 

0,002 

iio-< 

445 

4.59 

878.7  1 

2- 10-* 

446 

Ca  V 
84.4 

ip^P  —  3iP*P‘ 

637.9-) 
-656.8  / 

0.005 

(0.3) 

0.002 

5.08 

1 

447 

Fe  XI 
290.3 

3p>»P-Zp^P‘ 

(.350)-  ) 
-(376)  / 

0.5 

(0.3) 

0.15 

448 

5.89 

—  4f*5'’ 

(89.3) 

0.05 

(1) 

0.05 

449 

Ni  Xlll 

3p^P  —  3p^P‘ 

(304)-  1 
-(.332)  ; 

0.06 

(0.3) 

0.02 

450 

(380) 

-iPS’ 

(69) 

0.006 

(1) 

0.006 

Ntl 

(6.1) 

0.01 

451 

Si  V 

2p»S-3t'P* 

117.9 

0.01 

(») 

166.7 

5.55 

0.003 

452 

1 

S  Vli 
281 

2iA>^  — 3f‘i" 

72.0 

0.003 

(1) 

5.92 

0.006 

453 

A  IX 
422.6 
6.16 
Ca  XI 

2i»“^-3«>P* 

48.7 

0.006 

(1) 

454 

2f^S-3t'P* 

35.2 

0.005 

1 

(!) 

0.005 

592.5 

(6.4) 

AI 

455 

Fe  IX 
234.6 

3^i^_4f«F* 

103.6 

0.03 

(1) 

0.03 

5.73 

0.003 

456 

Ni  XI 
318 

3p»S  —  i*'P* 

(78.1) 

0.003 

(t) 

5.95 

FI 

457 

Mg  IV 

2p^*P’  —  2p"S 

321 .0-) 
-323.3  / 

0.02 

(i) 

0.02 

458 

109.3 

-3»»i> 

180.6 

0.002 

(0.3) 

610-« 

5.25 

459 

Al  V 
153.8 

2/>*P’  —  2p^S 

278.7—1 
-281.4  / 

0.005 

(1) 

0.005 

5.51 

460 

Si  VI 

2p^P*-2jP‘S 

246.0-1 
-249.1  / 

1 

0.06 

(1) 

0.06 

44 
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22.  Nlkol'slciy,  G.  M.  Shortwave  solar  radiation.  R^lew. 
Oeomagnetlzm  1  aerbnoinlya,  v.  2,  no.  1/  1962,  3-4?. 

The  first:  part  of  the  article  deals  with  experimental 
observations  of  shortwave  solar  radiation  and  includes  a 
summary  of  data  (for  the  shortwave  region,  only)  on  absolute 
intensities,  energy  distribution  in  the  solar  spectrum,  and 
identification  of  solar  emission  lines.  The  identification 
of  shortwave  solar  lines  is  based  on  the  results  of  theor¬ 
etical  intensity  calculations  by  G.  S.  Ivanov -Kholodnyy  and 
Nlkol'skly  [21]  (given  in  greater  detail  in  [24])  and 
e^erlmental  data  by  T.  Vlolett  and  W.  A.  Rense  and  H.  E. 
Hinteregger.  A  method  of  calculating  the  absolute  inten¬ 
sities  of  shortwave  solar  radiation  developed  in  [20]  is 
summarized. 

On  the  basis  of  all  available  data,  it  is  concluded  that 
solar  radiation  Intensity  at  the  earth  in  the  spectral  region 
X  ^  1100  A  is  eqvial  to  13  ergs/cm^  *  sec .  Nlkol'skiy's  analy¬ 
sis  shows  a  need  for  reevaluating  previous  calculations  of 
shortwave  solar  radiation  by  Western  scientists.  The  pre¬ 
sent  theory  explaining  thu  ionization  of  the  D  layer  is  in 
agreement  with  the  theoretical  and  experimental  data. 

The  structure  of  the  solar  atmosphere  is  also  reviewed 
and  an  analysis  given  of  the  physical  conditions  bf  the 
solar  atmosphere  which  determine  the  shortwave  radiation. 

The  distribution  of  temperature  and  electron  density  in 
the  solar  atmosphere  based  bn  shortwave-radiation  observa¬ 
tions  is  determined,  and  in  connection  with  this  determina¬ 
tion  the  shortwave  line  radiation  process  is  reviewed. 

The  method  used  here  is  identical  to  the  one  for  calculating 
absolute  intensities  proposed  in  [20].  The  transparency  of 
the  solar  atmosphere  to  hard-line  radiation  is  reviewed. 

Finally,  the  latest  Western  developments  in  continuous, 
x-ray  solar  emission  in  the  spectral  region  A  <  10  to  20  A 
are  summarized. 


23.  Ivanov -Kholodnyy,  0,  S.  Intensity  of  shortwave  solar  radia¬ 

tion  and  rate  of  ionization  and  recombination  processes  in 
the  ionosphere.  Review.  Geomagnetism  1  aeronomlya,  v.  2, 
no.  3,  1962,  377-406. 

This  review  is  very  similar  to  the  one  published  by 
G.  M.  Nikol'skiy  [22]  except  that  the  main  emphasis  here  is 
placed  on  ionization  and  recombination  processes  tadclng 
place  in  the  loAosphere  rather  thEui  shortwave  solar  radia¬ 
tion.  The  review  consists  of  three  parts,  dealing  with  l) 
total  energy  and  the  spectrum  of  ionizing  solar  radiation. 
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2)  Ionic  composition  of  the  atmosphere,  and  3)  corpuscular 
streams  in  the  Ionosphere. 

The  following  topics  are  discussed  In  the  first  part: 
determination  of  the  total  flux  of  shortwave  solar  radia¬ 
tions  at  ^  e  1100  A. on  the  basis  of  Ionospheric  data; 
calculation  of  S  from  astrophyslcal  data;  rocket  data  on 
shortwave  solar  radiation  and  Its  Interpretation;  and 
variation  of  radiation  Intensity  In  the  active  solar  regions. 

The  second  part  sxuDroarlzes  the  available  data  on  the 
following  subjects:  the  abundance  of  molecular  Ions  in 
the  Ionosphere;  laboratory  Investigations  of  dissociative 
recombination  processes;  effective  recombination  coeffici¬ 
ents  In  the  Ionosphere;  confirmation  of  the  dissociative 
recombination  processes  In  the  Ionosphere;  experimental  data 
on  the  effective  coefficient  of  recombination  In  the  Ionos¬ 
phere;  and  the  Intensity  of  solar  energy  In  the  upper  atmos¬ 
phere. 

IvanoV'Kholodnyy  concludes  that  the  latest  data  point  up 
the  Inadequacy  of  present  concepts  on  the  rate  of  recombi¬ 
nation  and  Ionization  processes  In  the  Ionosphere.  Processes 
of  Ionization  and  recombination  are  much  more  Intense  than 
presently  believed,  and  new  concepts  of  principal  physical 
and  chemical  processes  In  the  Ionosphere  will  have  to  be 
developed.  In  addition,  new  Interpretations  are  required 
of  such  phenomena  as  the  general  state  of  the  ionosphere, 
the  diurnal  and  annual  variation  of  ionospheric  parameters, 
and  diffusion. 


24.  Ivanov -Kholodnyy,  0,  S,,  and  Q.  M.  Nlkol'skly.  Identifi¬ 

cation  of  solar  emission  lines  In  the  shortwave  spectral 
region  X  <  1100  a.  Oeomagnetlzm  1  aeronomlya,  v.  2,  no.  3> 
1962,  425>442.  , 

One  hxindred  eighty  of  223  solar  onlsslon  lines  In  the 
region  between  60  snd  1100  A  recorded  by  satellites  are 
Identified  from  the  tabulated  line  Intensities  of  300  lines 
calculated  earlier  by  the  authors  [21].  An  analysis  of  the 
earlier  calculations  Is  presented. 

The  spectral  energy  distribution  of  shortwave  solar  radia¬ 
tion  Is  given  In  Pig.  6.  The  total  energy  of  line  radiation 
for  \  <  1100  A  was  found  to  be  not  less  than  13  erg/cm” • sec 
at  the  earth,  The  relative  nitrogen  content  on  the  sun  was 
shown  to  be  [n1/[h1  •  3*10"*. 
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Fig.  6.  Spectral  Energy  Distribution  of  Shortwave 
Solar  Radiation  (  A.  »  JO  to  1100  A) 


The  possible  emission  lines  determined  In  [21]  are  listed 
In  Table  17  In  the  order  of  Increasing  together  with 
th^lr  Intensities  measured  at.  the  earth  and  the  number  assign¬ 
ed  'to  the  lines  In  that  woiic.  In  some  cases,  the  wavelengths 
of  multlplet  components  are  calculated.  Also  In  this  table, 
theoretical  data  are  compared  with  available  experimental 
data,  and  the  lines  recorded  by  satellites  are  compared  with 
th'Slr  theoretical  values.  In  the  Identification  column,  the 
plus  sign  Indicates  positive  Identification,  the  minus  sign 
no  Identification,  and  the  plus  sign  with  question  mark 
doubtful  Identification  (l.e.,  the  wavelengths  do  corres¬ 
pond,  but  the  theoretical  values  of  Intensities  are  below 
the  observed  Intensities  by  more  them  one  order  of  magni¬ 
tude). 


[Table  1?  follows J 
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Table  17*  Absolute  Intensities  of  Solar  Lines  and  Their  Identifieatlon 


e 

e 

[21 

Ion 

1  Ixperiaental  data 

1  Identi- 
1  ficatioD 

1 

A 

« 

1  aac 

X  • 

X  •* 

1 

201 

18,6 

OVIl 

<0,015 

2 

13 

19,0 

OVIII 

<0,2 

a 

200 

21.6 

OVII 

<0.15 

4 

390 

(22) 

C*XIV 

<0.002 

5 

12 

24,8 

NVII 

<0,004 

<i 

199 

28,8 

NVl 

<0,003 

7 

437 

(29,6) 

CaXIll 

<0,005 

A 

475 

32,3 

c:«xii 

<0,001 

« 

388 

(33) 

AXII 

<0,005 

to 

10 

33,8 

CVI 

<0,08 

tl 

477 

~35 

CaXIl 

<0,005 

12 

454 

35,2 

CaXI 

0,005 

13 

158 

(38) 

(39,7) 

SXII 

<0,01 

14 

435 

AXt 

<0,004 

IS 

198 

40,3 

CV 

0,03 

lA 

41 

(41) 

Sixn 

0,006 

17 

477 

~41 

CaXIl 

<0,005 

18 

472 

(43,8) 

AX 

<0.001 

19 

471 

45-50 

SVIII 

0.02 

20 

474 

45-50 

AX 

<0,02 

21 

386 

—47,7 

SX 

0.01 

22 

453 

48,7 

AIX 

0,006 

23 

474 

(45-50) 

AX 

<0.02 

24 

79 

50,5 

FeXVI 

<0.15 

25 

143 

50,6 

Six 

0,01 

26 

250 

52,9 

FeXV 

<0,1 

27 

471 

-53 

SVIII 

0,01 

0.001 

28 

470 

53,0 

SVIII 

29 

469 

54,2 

SVIII 

0,003 

30 

468 

54,3 

SVIII 

0,001 

31 

ISO 

54,5 

SIX 

0,002 

32 

431 

56,1 

SIX 

0,015 

33 

36 

58,0 

M«X 

0,006 

34 

35 

343 

183 

» 

NIXV 

FeXIV 

<0.002 

0,05 

36 

467 

59,2  ■ 

SVIII 

0,005 

37 

184 

59,6 

FtXIV 

0,05 

}62 

0,01 

•f 

38 

466 

61,6 

SVIII 

0,006 

39 

406 

(63) 

NiXIV 

0,006 

40 

465 

63,3 

SVIII 

0.002 

66 

0,01 

41 

462 

65-69 

SiVI 

0.003 

+ 

42 

450 

(69) 

NiXIlI 

0,006 

0,015 

43 

380 

-69,8 

SiVI  II 

0,02 

} 

44 

452 

72,0 

SVII 

O.OOl 

45 

482 

72-77 

SiVI 

0,007 

74 

0,015 

46 

338 

(75) 

FcXIII 

0,05 

+ 

47 

456 

(78,1) 

NiXI 

0.003 

30 

•48 

400 

(80) 

FeXII 

0,06 

83,9 

83 

0,02 

+ 

49 

482 

80-83 

SiVI 

0,01 

fiO 

126 

82,6 

Meviii 

0,002 

Til 

127 

83,2 

Mcvin 

0,001 

52 

482 

(84,8) 

NiXIl 

O.lXtt 

53 

375 

-87,0 

AIVII 

0,002 

54 

31 

(87) 

NcVIII 

0,01 

55 

448 

(89.3) 

F«XI 

0,05’ 

? 

56 

480 

94-96 

F«X 

0,03 

() 

57 

479 

96,1 

FeX; 

0,02 

1?  ^ 

0,015 

+ 

58 

480 

96-97 

FtX 

0,02 

If 

59 

300 

98,0 

M«vn 

0,001 

■  » 

461 

100.0 

SiVI 

0,003 

lit 

301 

102.3 

MsVIl 

0,001 

•;2 

14 

102.6 

OVIII 

0.005 

■i3 

455 

103,6 

F«IX 

0,09 

109,7 

25 

+ 

<14 

109,8 

20 

<15 

365 

-111,9 

M(VI 

0,01 

111.^ 

5 

Ill 

0,005 

+ 

*  Data  by  T.  Violett  and  W.  A.  Reuse,  Astrophysical  Journal,  v.  30, 
1999»  P«  954>  Designation  i  is  the  visqal  estUMte  of  intensity. 

**  Data  by  H.  E.  Hinteregger,  Astrophysical  Journal,  v.  132,  i960, 
p.  dOl;  Proceedings  of  the  Uth  Inteznatlonal  Space  Science 
Synposlisn,  Floorexice,  1961.  Intensity  I  vas  evaluated  fros  the  curves 
given  in  these  souz^s.  ' 
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Table  17  (Coat.) 


e 

1,. 

BxparlMDtal  data 

Idantl- 

B 

No.ij 

\  . 

loo 

irg/cnf  • 

1. 

% 

X 

1 

1 

' 

[21] 

sac 

/  * 

»  ft*  i/ftft 

1 

fieatlea 

t'.6 

nil 

20 

67 

23 

115,8 

OVl 

0,005 

5 

+ 

68 

451 

117,9 

SIV 

0,01 

m 

10 

120 

+ 

69 

70 

86 

28 

i:io,9 

132,3 

FeVllt 

OVl 

0,01 

0,005 

}  132 

+  . 

71 

113 

138,6 

N«VI 

0,006 

138,5 

15 

’  138 

0,004 

+ 

72 

202 

(138,3) 

OVII 

C^,002 

73 

476 

(143) 

CaXII 

>.02 

74 

316 

(144) 

axv 

>,05 

75 

476 

(149) 

Cax;i 

>.01 

76 

24 

150,1 

OVl 

0,015 

150,0 

to 

149 

+ 

77 

436 

(162) 

CaXllI 

C0,02 

78 

473 

(166) 

AX 

>,015 

166 

0,01 

? 

79 

473 

AX 

>,007 

169,9 

15 

169 

80 

120 

NcVl 

0,002 

171,1 

5 

81 

119 

171,2 

NcVl 

0,001 

171,9 

5 

82 

219 

172,2 

OV 

0,002 

172,7 

5 

— 

83 

27 

172,9 

OVl 

0,02 

174,8 

30 

174 

0,045 

+ 

84 

458 

180,6 

5k!V 

CVl 

6.10-* 

180 

0,055 

85 

11 

182,5 

<0,002 

86 

341 

(182) 

NiXV 

>,01 

87 

26 

184,1 

OVl 

0,03 

184,7 

5 

187 

0,055 

+ 

88 

315 

(185) 

CaXV 

<0.02 

89 

434 

(188,7) 

AXI 

<0.01 

90 

192 

(190) 

NiXVl 

>.005 

91 

313 

(191) 

SXl 

0,15 

1 

92 

389 

(191) 

axiv 

<0,01 

\  192 

0,10 

+ 

93 

389 

(193) 

QiXlV 

>.02 

94 

87 

-^195,7 

FeVIll 

0,03 

m 

0,05 

+ 

95 

389 

(197) 

QiXlV 

<0,03 

96 

463 

198,6 

SVlll 

0,05 

198 

0,03 

+ 

97 

98 

191 

464 

(199) 

^,6 

NiXVI 

SVlll 

<0.015 

0.O3 

201 

•  + 

99 

182 

(208) 

FeXlV 

0,1 

10 

0,07 

+ 

100 

101 

402 

336 

(209) 

(210) 

FeXll 

FeXlll 

0,2 

0,2 

}206,7 

5 

209 

0,07 

+ 

102 

383 

•»215,8 

SiVlll 

0,008 

103 

429 

217,8 

SiVll 

0,003 

104 

m 

342 

387 

(220) 

(220-222) 

NIXV 

AXll 

<0.05 

>.02 

|218 

0,055 

+ 

106 

107 

181 

308 

(223) 

223,7 

FeXlV 

SilX 

0.3 

0.1 

|222 

0,035 

+ 

108 

430 

(224) 

SIX 

0,03 

109 

308 

SilX 

0,07 

t 

110 

314 

(225) 

CaXV 

S:i2 

111 

387 

(226) 

AXll 

226 

X).045 

+ 

112 

308 

m,Q 

SIIX 

0,02 

113 

306 

227,3 

SilX 

0,01 

114 

382 

~230,0 

'  SiVlll 

0,008 

10 

+  7  . 

115 

116 

157 

252 

231,5 

(231) 

~U1,9 

SXll 

FeXV 

0.1 

0,1 

|231,0 

20 

232 

0,02 

+ 

117 

253 

FcVll 

0,006 

118 

154 

232 

PXl 

0,IXX)5 

119 

190 

(233) 

^.8 

NiXVl 

<0,003 

120 

154 

PXl 

0,001 

234,6 

5 

— 

121 

189 

(236) 

»7,0 

NIXVI 

<0,006 

122 

154 

PXl 

0,002 

237,1 

10 

— 

123 

109 

238,6 

OlV 

0,004 

124 

401 

(238) 

FcXIl 

0.2 

) 

125 

159 

(239) 

^,9 

SlXll 

<0.01 

^.5 

5 

238i;l 

+ 

126 

254 

FtVIl 

0,06 

r 

127 

154 

240 

PXl 

0,0006 

128 

186 

(242) 

NIXVI 

<0,01 

50 


17  (Coot.) 


B 

C 

No.ia 

[21] 

Ion  j 

1 

Experimental  Data 

Identi- 

sec 

'*  1 

X  *• 

float ioD 

12(1 

i:u) 

8 

257 

243,0 

243,4 

Hell 

FeVll 

5  10-* 
0,(*)2 

J243.3 

10 

243 

0,025 

+  ? 

VM 

255 

245,2 

FeVIl 

0,(X)2 

i:42 

4«>0 

246,0 

SiVI 

0,05 

? 

i:»:( 

428 

246,1 

Sivn 

0,003 

i:m 

153 

247,9 

PXl 

0,003 

460 

249,1 

SiVI 

0,025 

t  .<> 

337 

(250) 

Fe.Xin 

0,7 

249 

0,025 

+ 

i:i7 

187 

250 

NiXVl 

0,02 

trts 

81 

(250) 

FeXVl 

0.01 

139 

384 

251 

SiVIII 

0,008 

140 

304 

2.51,3 

AIVIII 

0,001 

141 

312 

(2.53) 

SXI 

0,06 

252 

0,003 

+ 

142 

153 

254,0 

PXl  ~ 

0.002 

143 

7 

2.56,3 

Hell 

0,004 

144 

2:16 

(257.5) 

SXIII 

<0,05 

145 

385 

(258) 

SX 

0,03 

[257.1 

20 

257: 

0,003 

+ 

146 

141 

258,4 

SiX 

O.Wi 

1 

147 

310 

259,7 

SilX 

0,U1 

148 

385 

(260) 

SX 

0,05 

260,0 

5 

259 

0,01 

+ 

149 

111 

260,4 

OIV 

0,(X)1 

150 

408 

-w260,5' 

NiVl 

0,002 

|261,2 

15 

+  f 

151 

82 

(262) 

FeXVl 

<o,a5 

152 

83 

(264) 

FeXVI 

<0,04 

153 

178 

(2tV.) 

FcaIV 

0,0." 

264 

0,003 

+ 

154 

155 

:i85 

177 

•265) 

(266) 

S.< 

FeXIV 

o.w 

0.15 

|266,4 

10 

266 

0,008 

+ 

156 

138 

272,1 

SiX 

0.05 

272,3 

5 

273 

0,005 

+ 

157 

427 

272,7 

SiVIl 

0,02 

158 

426 

274,1 

SiVll 

0,015 

159 

422 

275.4 

SiVII 

0,06 

) 

160 

424 

276.2 

SiVll 

0,015 

[276,8 

5 

276 

0,009 

+ 

161 

180 

(276) 

~eXIV 

0,2 

/ 

162 

425 

276,8 

•SiVll 

0,015 

163 

381 

-276,9 

S.VIII 

0.01 

164 

165 

137 

297 

277.3 

278.4 

SiX 

MgVIl 

0.1 

0.2 

J278,5 

0,006 

+ 

166 

42:1 

278.4 

•SiVlI 

0.02 

•  167 

234 

278.7 

PXII 

<0,(H)2 

168 

459 

278.7 

Al  V 

0.003 

169 

103 

—279,8 

OIV 

0.01 

J  280 

170 

146 

280.0 

SiX 

0,(XI6 

“T 

171 

299 

280,7 

MgVIl 

0.(X)5 

172 

459 

281,4 

AIV 

0.002 

173 

403 

(283) 

FeXII 

0,M 

281,4 

5 

282 

0,002 

+ 

174 

179 

(285) 

FeXIV 

0.3 

285 

0,035 

+ 

175 

305 

287,0 

AIVIII 

0,001 

176 

149 

287.2 

SiX 

0.02 

177 

178 

156 

340 

(290) 

(290) 

290,6 

SX  II 
NiXV 

<0,05 

<0,02 

j289,l 

to 

289 

0,002 

17'J 

306 

SilX 

0,(X)7 

180 

306 

292.8 

SilX 

0,015 

181 

311 

(293) 

SXI 

0,2 

292 

0,003 

+ 

182 

84 

293.3 

NiXVIll 

<0,03 

183 

m 

-294 

FeVI 

0,01 

184 

185 

193 

306 

—296 

296.2 

FeVl 

SilX 

0.025 

0,04 

|296 

0,002 

+ 

18)< 

249 

(298) 

FeXV 

<0.5 

298,2 

10 

^299 

0,002 

■  + 

187 

481 

(299) 

NiXII 

0,02 

188 

186 

(300)  . 

NiXVI 

<0.01 

189 

156 

(302) 

to,6 

5\H 

<0.1 

\ 

190 

231 

SiXI 

0.06 

[303, ( 

30 

303 

0,13 

191 

6 
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Hei: 

0,18 

I 
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U9 

(3(H) 

NiXin 
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AIIX 

0,02 
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+ 
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AIVI 
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0,001 

+ 
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405 

237 

(311) 
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NiXIV 

SXllI 
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<0.02 
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10 
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+ 

197 

128 
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McVIII 

0,005 

198 
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NaVI 

0,01 

\ 

199 

449 

(312) 

NiXIII 

0,01 

1  313 

200 
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(312) 

NiXVI 
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0,006 

+ 

201 

17 

312,4 

CIV 

0,03 

1 
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0,005 
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313,7 

MsVIII 

O.W 

204 
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S1VIII 

0,05 
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314,5 
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0,01 

206 
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0,03 

\ 
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405 
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(315) 
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NiXIV 

PXI 

0,02 
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Isio^i 

0,002 

+ 

209 

339 

(316) 
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I 
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378 

316,2 

SiVlII 

0.1 
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128 

317,0 

McVIII 

0,005 
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449 

(317) 
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0,002 
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298 
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McXIl 

0,01 
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+ 

214 

377 
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SiVIII 

0,15 
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0,005 

+ 

,215 

457 
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M«IV 

0,015 

216 

481 

(322) 
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0,01 

V 

217 

85 

322,0 

NiXVIll 
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218 

457 

323.3 

M<IV 

0,007 

219 

405 

(323) 

NIXIV 

0,03 

220 

449 

(323) 

NIXIII 

0,004 
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323,5 
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0,001 
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325,2 

PXI 

0,003 

223 
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AIVIII 

0,002 

326 

224 

404 

(326) 
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0,02 

0,003 

■  + 

225 
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AIVIII 

0,004 

226 
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FeXIII 

0.3 

? 
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449 

(332) 

NIXIII 

0,003 

228 
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332,9 

AiX 

0,006 

229 
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339 
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(333) 

335,3 

NiXV 

MtVIII 

<0.025 

0.04 

231 

235 

335,6 

PXII 

<«.002 

10 

232 

77 

336,2 

FeXVI 

^.5 

338,0 

335 

0,027 

+ 

233 

123 

339,0 

MgVIII 

0,08 

339 

0,004 

+ 

234 

307 

342,0 
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0,04 

235 

134 

342,2  ' 
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0,003 

5 
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236 

176 

(342) 

FeXIV 

0.2 

342,8 

0,005 

+ 

237 

307 

345,0 

SilX 

0,15 

238 

280 

345,3 

OIII 

6  10-* 

20 

347 

OJM 

239 
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339 

478 

(jJw.^) 

NIXV 

FeX 

<0,04 

0,35 

# 

241 

140 

347,5 

SIX 

0,07 

• 

242 

371 

349,1 

MfVI 

0,001 

243 

147 

349,0 

»X 

0,006 

244 

307 

•^9,8 

SIIX 

0,2 

349 

0,000 

+ 

245 

447 

(360) 

FeXI 

0,02 

246 

374 

»2,2 

AIVII 

0,003 

247 

129 

352,4 

IKcVIII 

0,015 

352,1 

5 

352 

O.OIX 

+ 

248 

418 

*^352, 7 

0,002 

249 

373 

353,8 

Ami 

0,006 

250 

399 

(356) 

FeXII 

0.1 

J384,9 

354 

251 

252 

175 

139 

356) 

358.1 

FtXIV 

SIX 

0.4 

0,15 

30 

0,006 

-h 

253 

372 

356.9 

AIVII 

0,01 
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2!>1  447 

Z'A  m 
riG  3»9 
2->7  334 

■AM  447 
riU  148 
2)iO  293 
2«1  75 

202  78 

203  295. 

2<'>4  233 

205  285 

m  89 
207  (lOJ 
2!«  447 
201'  295 

270  227 

271  399 

272  447 

273  88 

274  :i34 

275  274 

276  447 

277  416 

•278  303 

279  121 

280  303 

281  19 

2H2  136 

283  ,76 

284  334 

285  303 

286  369 

287  73 

288  251 

289  145 

290  136 

291  145 

292  368 

293  118 

294  367 

295  118 

296  230 

297  118 

298  366 

299  118 

:K)0  417 
:t01  225 

:i02  74 

303  251 

304  289 

:i05  333 

306  284 

:K)7  288 

308  18 

:iog  42 

310  251. 

311  415 

312  296 

313  115 

314  354 

315  126 

316  296 
;il7  114 


(3581 

358,0 

(;i60) 

(360) 

m 

301.2 
361,5 

301.7 
304-368 

365,4 

365.4 
365,9 
(367) 

m 

368.2 
(369) 
(389', 

370.5 
(373) 

374.1 
(376) 

379.3 

381.1 

381.3 

383.7 

384.2 
385,0 

385.4 
(386) 

~387,8 

388,0 

'390,1 

391.2 
~392,4 

392.4 
~398,9 

399.3 

399.8 

400.7 

401.1 

401.2 

401.9 

403.3 
403,3 
'w4O0 

411.2 

412.5 

414.1 

414.3 

414.7 

416.2 

416.8 

419.5 
(421) 

424.1 

427.8 

429.2 
430,0 

430.2 

430.5 

431.3 

432.4 


FeXI 
NeV 
FcXIt 
FeXIII 
F«XI 
SIX 
NaVI 
MnXV 
KeXVI 
MkVU 
Si  XI 
NeV 
FeVlII 
FeX 
FeXl 
MgVMl 
MglX 
FeXlI 
FeXl 
FeVlIl 
FeXIII 
OtII 
FeXl 
Neill 
AIVIII 
NeVIl 
AIVIII 
CIV 


0,06 

0,1 

0,2 

0,15 

0,015 

0,006 

0,001 

0,003 

<0.3 

0,06 

|0.061 

0.01 

0,U'>2 

U.15 

0,01 

0.03 

0,08 

0,3 

0,015 

0,004 

0.4 

0,03 

0.02 

0,001 

0.002 

0,008 

0,007 

0,006 


AIIX 

0,01 

MnXV 

0,001 

FeXIII 

0,65 

AIVIII 

0,01 

MgVI 

0,005 

CrXIV 

0,003 

FeXV 

I<0.081 

SIX 

0,002 

AIIX 

0,015 

SIX 

0,004 

M;;VI 

0,04 

NcVI 

0,01 

MgVI 

0,08 

NeVl 

0,02 

AIX 

0,006 

NeVl 

0,04 

MgVI 

0,13 

NeVl 

0,01 

NelV 

0.001 

NeVIII 

0,004 

&XIV 

0.001 

FeXV 

NeVl 

K0.051 

1  O.OM 

CaVil 

0,005 

NeV 

0,02 

NeV 

0.01 

CIV 

0,06 

SXIV 

FeXV 

NelM 

M(Vn 

NeVl 

on 

McVlII 

M«vn 

N«VI 


350  0,017 


363  0,005 


±1  0,0® 


375  0,002 

378  0,004 


I VA  0,002  + 


am.i  0,004. 


301±1 


60t:fel  0,004 


w  I 

0,03 
0,008 
4  10-* 
0,06 
0,06 
0,015 


\4ie  0,003 

418  0,008 

420  0,002 

420  0,002 

• 

432  0,002 
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318 

296 

310 

270 

320 

125 

321 

133 

322 

— 

323 

43 

324 

55 

32.5 

.56 

326 

362 

327 

71 

328 

362 

329 

174 

3:10 

362 

331 

223 

3.32 

247 

333 

360 

334 

173 

3.35 

— 

336 

— 

337 

72 

3.38 

281 

3:10 

281 

340 

281 

341 

122 

342 

433 

343 

413 

W4 

413 

345 

131 

346 

413 
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201 

348 

122 

349 

200 

350 

39 

351 

— 

352 

— 

353 

— 

354 

40 

355 

361 

356 

197 

357 

276 

358 

407 

.359 

330 

360 

— 

36*. 

196 

:162 

206 

363 

355 

364 

353 

365 

359 

366 

358 

.V)7 

357 

368 

210 

360 

37 

370 

;vi2 

;i71 

108 

:;72 

432 

;i7:i 

144 

:i74 

IM 

.37.5 

117 

376 

116 

377 

2:12 

378 

282 

370 

38 

380 

282 

381 

282 

434,9 

434,9 

436.7 

442.2 

(446) 

457.8 

458.1 

459.9 
4W,9 
461 ,0 

461,7 

463.3 
(464) 

466.2 
470,0 

471,1 


480.1 

480.4 

481.4 
483,0 

486.7 
(488) 

488.1 

489.5 

400.8 
491,0 
491,4' 
491,0 

494,3 

(499,3) 


(521.1) 

521,3 

522.2 

525.8 

j525,7-526,6| 

527,7 

537,0 

538.3 

538.3 

539.1 

541.1 
542,0 
543,0 

547.9 
(550) 
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554.1 
(55.5) 
.5,55,0 
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.562,8 
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560, t 
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) 
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+ 
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ai 
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IS 

440 
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+  1 
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3  10-* 

N»V 
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TiXII 
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NaV 

0,003 

CaXlII 
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+  > 

NaV 

0,004 
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NeVIl 

0.08 
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10 

467 

0,006 

+ 

CalX 

NelV 

CaVill 

0,006 

0,005 

0,002 
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473±1 

— 

477,4 

IS 

— 

TiXlI 

0,001 

NeV 

0,015 

NeV 

0,025 

0,005 

NcV 

0,08 
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10 
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+ 

NaVIl 

0,003 

SIX 

0.01 

Ncin 
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0,005 

MgVIll 

Neill 

0,003 

0,001 

NaVI 

0,003 

NaVll 

0,006 

0,005 

+> 

NaVl 

0,005 

495.0 

s 

404 

SiXII 

0,06 

408,3 

5 

500±1 

0,005 

+ 

503,0 

15 
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0,004 
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0,003 
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0,004 

— 

SiXIl 

0,03 

\ 

0.01 

NcIV 

0,005 

y  521 

+ 

Hcl 

0,01 
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FelV 

0,005 
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AV 
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+ 

cm 

0,001 
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Oil 
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0,02 
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5 

) 
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+ 

NcIV 
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j 

0,003 
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+ 
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0.001 

AIXI 
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+  7 

CaVII 
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0,1 
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0.011 

+ 

SIX 

0,01 
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CaX 

O.OOl 

0.002 

NeVI 
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S«0 

+ 

NcVI 

SiXI 
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|0.03| 
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NcV 

0,06 
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,  AIXI 
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NcV 

0,17 

) 

NcV 
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2:12 

582.8 
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CtVUl 

SilX 

0,002 

10,02) 

]581,S 

581 

+  ? 
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584,3 

Hel 

0,7 

583,7 

585 

0,03 

+ 

243 

585,8 

AVll 

0,003 
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589,0 

AVI 

0,001 

589,9 

5 

+  ? 

232 

591 ,2 

SiXl 

10,0071 

593,6 

5 

592 

EEi 

+ 

167 

596,7 

AVI 

0,002 

171 

596,9 

CaVIlI 

0,003 

132 

~597,5 

MeVlll 
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Olll 

597,9 

5 
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+  ? 
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0111 

0,01 
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+ 

_ 
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5 

— 
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OlV 

50 
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0,1 

0,3 
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5 

5 

1  608; 

+ 

+ 

M 
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MgX 

0,05 
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Olll 

0,003 
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0,005 

_ 
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5 

— 

613,9 

20 

— 

KIX 

617,2 

25 

617 

67 

621,3 

0,001 

622 

0,01 

+  > 
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C«V1I 

0,001 

35 
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(624,9) 

625,1 

MgX 

OIV 

0,025 

0,03 

}a25,l 

5 
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0,008 

+ 

216 

629,7 

OV 

0,3 
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629 

+ 

395 

629,6 

CiVI 

0,003 

331 

6.W,6 

CaVII 

0,003 

395 

633,8 

C«V1 

0,003 

635,5 

10 
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lUICw 

+  ? 

68 

6;i6,3 

KIX 

3  10-* 

80 

331 

637.2 

6.39.2 

FeXVI 

CiVll 

<0,1 

0,005 

\  638 

+ 

331 

640,5 

CaVII 

0,001 

395 

641,9 

CaVI 

0,001 

268 
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io-« 

446 

.  646,6 

CaV 

0,001 

643,9 

+  ? 

97 

651,3 

Cll 

10-* 

651,5 

10 

653 

Ill) 

658,7 

AXIII 

661 

+ 

Calx 

670±1 

0,01 

248 

678,6 

10,001) 

676 

12^ 

+  ? 

l.U) 

680,3 

MgVIll 

0,003 

32 

(682) 

NalX 

0,005 

682±1 

+  ? 

100 

687 

Mil 

0,001 

687,3 

15 

689 

LLii 

+  ^ 

228 

692,3 

MglX 

10,03) 

0,006 

248 

693,8 

Calx 

(O.OOl) 

J«94,5 

25 

695±1 

+ 

:« 

(695) 

NalX 

0,002 

65 

700.3 

AVIll 

0,004 

0,004 

+  ? 

272 

Olll 

0,U> 

20 

0,01 

+ 

228 

7(M,5 

MglX 

(0,02) 

+  » 

62 

706,5 

SVI 

0,002 

707,9 

20 

228 

62 

710,3 

712,7 

10,01) 

0,001 

710±1 

4.  > 

66 

713,0 

AVi:i 

0,002 

329 

716,3 

AV 

U.t*l 

324 

728,7 

sill 

729 

o,ar 

737,1 

IS 

738 

745 

I'Xvii 

754,8 

10 

7S2±1 

— 

3^2 

383 

383 

385 

38ii 

387 

388 
38!) 

390 

391 

392 
303 

393 

395 

396 

397 
308 

390 

400 

301 

302 
103 
103 

ia') 

106 

107 

108 
109 
310 
411 
ii2 

13 

14 
il5 
16 

17 

18 
.19 

320 

321 

322 

123 

124 

125 

126 

127 

128 

329 

330 

331 

332 
i:i3 

i;vi 

135 

136 

137 

138 
339 

440 

441 
432 
343 

333 
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I  ifS: 


K 

lOD 

«M4,i 

Nl 

HI 

P»U  Xdtpti. 


25.  Ivanov-Kholodnyy,  Q.  S.  Ionization  of  the  upper  atmosphere 
by  shortwave  solar  radiation.  Qeomagnetizm  i  aeronoroiya, 

V.  2,  no.  4,  1962,  674-687.  '  ‘ 

The  latest  available  data  on  shortwave  solar  radiation 
in  the  spectral  region  between  0  and  1000  A,  effective  ioni¬ 
zation  cross  sections,  and  photoionization  are  used  to  cal¬ 
culate  the  rate  of  ion  formation  (q)  at  altitudes  between 
100  and  8OO  km  for  different  times  of  the  day. 

Analysis  of  data  on  q  shows  that  maximum  ion  formation 
occurs  in  the  PI  region  during  the  day  and  in  the  P2  region 
during  the  evening  and  in  the  morning.  During  the  day,  q 
changes  by  two  oixiers  of  magnitude  in  the  PI  region  but 
changes  very  little  in  the  P2  region  and  higher.  The  graph 
of  q  as  a  function  of  height  displays  a  characteristic  peak 
at  120  km. 

During  the  day  q  was  found  to  vary  in  proportion  to 
(cos  Z®)in,  where  Z«  ls.th§  zenith  distance  of  the  sun. 

The  values  of  m  for  the  E,  PI*  and  P2  regions  contradict 
the  simple-layer  theory  but  agree  with  the  experimental 
data.  During  the  day  m  changes  in  the  region  between  the 
FI  and  .P2  layers.  Since  the  density  of  the  atmosphere  at 
altitudes  >  200  km  Increases  in  the  daytime,  q  increases 
at  altitudes  of  about  250  km  and  decreases  at  altitudes 
between  150  and  250  km.  In  addition,  the  gradients  of  q 
and  ni  (electron  concentration)  decrease  above  the  maximum 
of  the  P2  layer.  Due  to  asymmetry  of  diurnal  variation 
in  particle  concentration,  asymmetry  is  observed  in  varia¬ 
tions  of  q  and  ni.  This  leads  to  incorrect  effective  values 
for  the  recombination  coefficient,  if  the  latter  is  calcu¬ 
lated  by  the  method  developed  in  1959  by  V.  Appleton. 

Values  of  q  and  experimental  data  on  ni  and  concentra¬ 
tion  of  molecular  ions  obtained  by  rockets  and  satellites 
are  used  to  calculate  the  effective  recombination  coeffici¬ 
ents. 
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Studies  of  Marginal  Interest 


26.  aijhlclovskly,  I»  S.  Ultraviolet  radiation  of  the  solar  corona 
an4  the  chromosphere  and  Ionization  of  ;the  earth's  atmos¬ 
phere.  IN:  Akademlya  nauk  SSSR.  Krymskaya  astroflzlcheskaya 
observatprlya.  Izvestlya,  v.  4,  1949#  80-113. 

QB1.A1T642,  V.  4 

Although  most  of  the  article  deals  with  ultraviolet 
solar  radiation^  some  calculations  are  given  for  x-ray  radia¬ 
tion.  The  absorption  of  hard  radiation  In  the  Ionosphere  Is 
Investigated  on  the  basis  of  x-ray  and  optical  data,  and  It 
Is  shown  that  only  radiation  with  a  wavelength  K  <  73  a  cam 
reach  the  E  layer.  This  type  of  radiation  may  be  responsible 
for  Ionization  of  the  E  layer.  It  Is  pointed  out  that  the 
Dellinger  effect  may  be  caused  by  hard  radiation  (A.  -  1a) 
formed  during  solar  eruptions. 


27.  Shklovskly,  I.  S.  A  new  theory  of  solar  eruptions  and  the 

resultant  Ionospheric  disturbances  In  the  D  layer.  IN:  Akademl¬ 
ya  naxik  SSSR.  Doklady,  v.  64,  no.  1,  1949,  37-39. 

AS262.A3663,  V.  64 

The  Dellinger  effect  Is  explained  on  the  basis  of  lonlzk- 
tlon  of  the  D  layer  by  hard  solar  radiation  (A  “1a)  which 
Increases  considerably  during  solar  flare  eruptions.  The 
total  number  of  photons  passing  an  area  of  one  square  centi¬ 
meter  of  the  earth's  atmosphere  during  the  period  of  disturb¬ 
ance  (-  13  min)  was  estimated  as  10^^  photons  (or 
0.2  erg/cm® ‘sec  at  the  earth). 


28.  Mandel'shtam,  S.  L.  Review  of  researdi  .,on  shortwave  ultra¬ 
violet  solar  radiation.  Uspekhl  flzlehesklkh  nauk,  v.  46, 
no.  2,  1952,  143-178.  QC1.U8,  v.  46 

The  i^vlew  contains  some  data  on  x-ray  emission  derived 
from  Investigations  conducted  with  V-2-type  rockets.  The 
references  cited  consist  of  28  Western  and  three  Soviet 
sources. 


-  59  - 


29.  M&ndel 'shtam,  S.  L»,  and  A.  I.  Yefremov.  Investigation  of 

shortwave  ultraviolet  solar  radiation.  Uspekhl  flzlchesklkh 
nauk,  V.  63,  no.  1,  1957,  I63-I8O.  ftCl.US,  v.  63 

This  article  Is  a  review  of  experimental  and  theoretical 
research  on  shortwave  solar  radiation.  Including  x-ray 
emission,  conducted  between  1952  and  1957.  Of  the  24  fefei*- 
ences  cited,  only  three  are  Soviet.  The  section  on  coronal 
radiation  Is  based  almost  exclusively  on  American  data.- 
fixperlments  to  be  carried  out  In  the  Soviet  Union  Involving 
x-ray  radiation  measurements  by  means  of  artlflcal  satellites 
are  discussed. 


30.  Shklovskly,  I.  S.  Ultraviolet  and  soft  x-ray  solar  radiation. 
Uspekhl  flzichesklkh’^auk,  v.  75,  no.  2,  I96I,  351-388. 

QC1.U8,  V.  75 

Both  theoretical  developments  and  experimental,  research 
are  summarized  in  this  review.  The  following  topics  are 
included:  ultraviolet  coronal  radiation,  rocket  and  artifici¬ 
al  satellite  observations  of  ultraviolet  and  soft  x-ray  solar 
radiation,  and  the  effect  of  hard  solar  radiation  on  the 
Ionization  of  the  earth's  atmosphere.  The  article  Is  based 
on  42  Western  and  10  Soviet  sources. 


31.  Shklovskly,  I.  S.  Plzika  solnechnoy  korony  (Physics  of  the 
solar  corona).  2d  ed.,  rev.  and  enl.,  Moskva,  Flzmatglz 

1962.  516  p. 

This  Is  the  second,  thoroughly  revised,  edition  of  an 
excellent  monograph  on  the  physics  of  the  solar  corona  orgl- 
nally  published  In  1951.  The  chapter  on  ultraviolet  solar 
radiation  and  its  effect  on  the  earth's  atmosphere  also 
provides  a  summai?y  of  work  on  solar  x-ray  emission  available 
prior  to  1961  in  which  both  experimental  data  and  theoretical 
results  are  discussed.  In  this  chapter,  one  of  the  works 
of  Ivanov-Kholodnyy  and  Nlkol'skly  [20]  is  analyzed  and  the 
theory  developed  therein  found  to  be  sound. 

The  monograph  contains  numjsrous  original  theories  developed 
by  the  author,  who  Is  considet’ed  one  of  the  foremost  Soviet 
astrophysicists,  including  his  theory  6f  ionization  in  the 
solar  corona,  which  he  first  worked  out  in  the  1940 's. 

The  text  acknowledges  all  of  the  Important  contributions 
to  the  field,  listed  in. an  extensive  bibliography  (274  entries). 
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PART  TWO.  OPTICAL  SPECTRA 


1.  Oscillator  Strengths  and  Related  Quantities 


Review  Paper 


32.  Kolesnikov,  V.  N.,  and  L.  V.  Leskov.  Optical  transition 
probability  for  atoms  and  diatomic  molecules.  Uspekhl 
flzlchesklkh  nauk,  v.  65,  no.  1,  1958,  3-38. 

QC1.V8,  V.  65 

This  Is  an  exhaustive  review  of  optical  transitions 
In  atoms  and  simple  diatomic  molecules.  It  Is  based  on 
material  published  up  to  and  Including  the  ear^  part  of 
1958.  Of  the  370  references,  approximately  225s  are  Soviet. 
Four  tables  [not  presented  In  this  report]  summarize  the 
data  available  In  this  field.  The  first  lists  theoretical 
papers  dealing  with  the  calculation  of  transition  probabili¬ 
ties,  oscillator  strengths,  line  strengths,  and  transition 
Integrals.  Elements,  transitions,  or  configurations  for 
which  calculations  were  carried  out  are  Included  along  with 
their  sources.  The  second  lists  experimental  papers  deal¬ 
ing  with  the  determination  of  transition  probabilities  and 
oscillator  strengths  and  Includes  elements,  number  of  lines 
Investigated  and  the  spectral  region,  the  method  used,  and 
the  sources.  The  sources  In  which  absolute  values  were  de¬ 
termined  are  pointed  out.  The  third  and  fourth  tables  give 
similar  data  for  diatomic  molecules. 


Experimental  Values 


33.  Ostrovskiy,  Yu.  I.  Relative  f-values  for  chief  lines  of 

diffuse  and  sharp  series  of  A1  I.  Optlka  1  spektroskoplya, 
V.  2,  no.  5,  1957,  673.  QC350.068,  v.  2 

The  relative  oscillator  strengths  for  the  four  strongest 
lines  of  A1  I  were  measured  by  the  anomalous  dispersion 
method.  The  results  of  the  measurements  are  given  In 
Table  I8. 
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3^.  Ostrovskiy,  Yu.  I.,  and  N.  P.  Penkln.  Absolute  values  of 
oscillator  strengths  for  the  lines  of  chromium,  manganese, 
and  copper.  Optlka  1  spektroskoplya,  v.  3*  no.  3,  1957# 
193-201.  QC350.068,  v.  3 


The  absolute  values  of  oscillator  strengths  were  deter¬ 
mined  by  the  anomalous  dispersion  method  for  resonance  lines 
of  chromium,  manganese,  and  copper.  The  relative  oscillator 
strengths  were  also  measured  for  other  spectral  lines  of 
these  elements.  On  the  basis  of  these  data  and  the  results 
of  earlier  f-value  measurements,  the  absolute  values  of 
oscillator  strengths  were  obtained  for  3^  lines  of  chromium 
(Table  19),  10  lines  of  manganese  (Table  20),  and  the  fol¬ 
lowing  lines  of  copper: 


“  0*7,  f(s«74)  “  0*38,  f(Biae)  -  0.011. 


35.  Ostrovskiy,  Yu.  I.,  and  N.  P.  Penkln,  Relative  f-values 
for  spectral  lines  of  scandium,  Optlka  1  spektroskoplya, 
V.  3,  no.  4,  1957,  391-393.  QC350.068,  v.  3 

Relative  oscillator  strengths  of  Sc  I  spectral  lines 
were  determined  by  the  anomalous  dispersion  method.  The 
results  of  measurements  are  given  In  Table  21. 


36.  Ostrovskiy,  Yu.  I.,  and  N.  P.  Penkln.  Measurement  of  abso¬ 
lute  values  of  oscillator  strengths  In  the  spectral  lines  of 
Oa  I  and  In  I.  Optlka  1  spektroskoplya,  v.  4,  no.  6,  1958, 
719-724.  QC350.068,  V.  4 


Absolute  oscillator  strengths  of  the  five  strongest  lines 
In  the  spectrum  of  Qa  I  (4*’P®,^,  -  5*3.  ,  and  4»P®,/,,  j/-  - 
4*D./p,  g/,)  were  determined  (Table  22 ;  from  data  obtained 
by  tne  anomalous  dlspezuslon  method  and  pressure  values  by 
Spelser  and  Johnston.  Absolute  oscillator  strengths  for  the 
five  strongest  spectral  lines  of  In  I  were  also  calculated 
(Table  23)  from  data  obtained  by  the  authors  and  pressure 
measurements  by  Anderson. 


37.  Naglblna,  I.  M.  Calculation  of  relative  oscillator  strengths 
In  an  arc  discharge  from  the  width  of  the  spectral  lines.  IN 
Akademlya  nauk  SSSR.  Izvestlya.  Serlya  flzlnheskaya,  v.  22, 
no.  6,  1958,  681-682.  AS262.A62455,  v.  22 

The  method  of  Cowan  and  Dlcke  was  used  to  calculate  the 
relative  oscillator  strengths  given  In  Table  24. 
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38.  Ostrovskiy,  Yu.  X.,  N.  P.  Penkln,  and  L.  N.  Shabanova. 
Measurement  of  oscillator  strengths  In  spectra  of  atoms. 

IN:  Akademlya  nauk  SSSR.  Izvestlya.  Serlya  flzlcheskaya, 
V.  22,  no.  6,  1958,  725-729.  A3262.A62455,  v.  22 

The  absolute  values  of  oscillator  strengths  for  resonance 
lines  of  Al  1,  Mg  1,  Ca  1,  and  Ba  1  were  determined.  Better 
results  are  given  In  a  later  paper  [46]. 


39.  Qurvlch,  L.  V.  Absolute  transition  probabilities  of  the  T1 
atom.  Optlka  1  spektroskoplya,  v.  5,  no.  2,  1958,  205-207. 

QC350.068,  v.  5 

Absolute  oscillator  strengths  of  thallium  spectral  lines 
(a  ■  3776  A  and  5350  A)  calculated  or  measured  by  six  different 
authors  are  given.  The  experimental  data  obtained  by  Q.  S. 
Kvater  (USSR)  In  1941  are  considered  the  most  reliable,  but 
In  view  of  the  Inac'^urate  vapor  pressure  data  used  In  the  de¬ 
termination  of  absolute  oscillator  strengths,  the  latter  were 
recalculated  using  a  new  method  based  on  the  calculation  of 
the  vapor  pressure  of  the  metal  from  the  thermodynamical 
potential  and  the  temperature  variation  of  enthalpy  In  the 
gaseous  and  solid  states.  The  absolute  f-values  of  thallium 
were  determined  to  be 

f  (S77«)  ■  0.125  +  0,004  and  f(Bs8o)  ■  0.135  +  0.004. 

Prom  these  data  and  the  results  of  earlier  measurements>  the 
absolute  value  of  f )  was  calculated  as  0.272. 

40,  Ostrovskiy,  Yu.  I,,  and  N,  P.  Penkln.  Relative  f-values  for 

spectral  lines  of  vanadium  and  cobalt.  Optlka  1  spektroskoplya, 
V.  5,  no.  4,  1958,  3A5-353.  QC350.068,  v.  5 

Relative  oscillator  strengths  for  79  lines  of  V  1  (3000  to 
4900  a)  and  82  lines  of  Co  I  (2900  to  4200  A)  were  measured 
by  the  anomalous  dispersion  method.  The  results  of  the  meas¬ 
urements  are  given  In  Tables  25  and  26. 


4l.  Penkln,  N.  P.,  and  T.  P.  Red'ko.  Relative  oscillator  strengths 
of  some  lines  of  Zn  1  and  Cd  I.  Qptlka  1  spektroskoplya,  v.  9, 
no.  5,  i960,  680-682.  QC350.068,  v.  9 

The  relative  oscillator  strengths  of  30  Zn  1  and  Cd  1  lines 
with  lower  energy  levels  "Pq  1  •  were  measured,  lihe  results 
of  the  measurements  are  glvefi  In  Tables  27  and'  28. 
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42'.  Ostrovskiy,  Yu.  I.,  and  N.  P.  Penkln.  The  f-nuraber  meas¬ 
urements  for  the  spectral  lines  of  barium.  Optlka  1 
spektroskoplya,  v.  9,  no.  6,  i960,  703-706. 

QC350.068,  V.  9 

The  relative  oscillator  strengths  of  65  lines  of  Ba  I 
between  3889  A  and  7911  A  were  measured  by  the  anomalous 
dispersion  method.  The  results  of  the  measurements  are 

given  In  Table  29.  Since  the  absolute  f -value  for  the 
-  6ip9  transition  at  A.  ■  5535.484  A  Is  known  [I.6, 
according  to  Wessel;  1.8,  according  to  the  authors],  the 
absolute  f-values  for  the  65  lines  given  In  the  table  can 
easily  be  calculated. 


43.  Khokhlov,  M.  Z.  Oscillator  strengths  for  p»-p8  transitions 
In  lead,  tin,  germanium,  silicon,  and  carbon.  Part  I:  Lead 
and  tin.  IN:  Akademlya  nauk  SSSR.  Krymskaya  astroflzlche- 
skaya  observatorlya.  Izvestlya,  v.  25,  196l,  249-267. 

QB1.A17642,  V.  25 

The  absolute  f-values  for  p”-ps  transitions  In  lead 
(Table  30)  and  tin  (Table  31)  are  determined.  Conversion 
CO  the  absolute  f-values  was  made  from  data  of  H.  D.  Engler 
and  C.  W.  Allen.  Three  of  the  f-values  given  In  Table  30 
were  determined  earlier  by  Khokhlov,  but  apparently  with  a 
lesser  degree  of  accuracy. 


44.  Ostrovskiy,  Yu.  I.,  and  N.  P.  Penkln.  Measurement  of  abso¬ 
lute  values  of  oscillator  strengths  for  the  resonance  lines 
of  calcium,  strontium,  and  barium  Ions.  Optlka  1  spektro- 
skoplya,  v.  10,  no.  1,  1961,  8-l4.  QC350.068,  v.  10 

The  absolute  values  of  oscillator  strengths  for  reso¬ 
nance  doublet  lines  of  Ca  II,  Sr  II,  and  Ba  IX  were  deter¬ 
mined.  These  values  were  later  recalculated  [46]  on  the  basis 
of  more  accurate  measurements  of  absolute  oscillator  strengths 
of  Ca  I,  Sr  I,  and  Ba  I  resonance  lines. 


45,  Ostrovskiy,  Yu.  I.,  and  N,  P.  Penkln.  Oscillator  strengths 
of  calcium  spectral  lines.  Optlka  1  spektroskoplya,  v.  10, 
no.  4,  1961,  429-435. 

The  relative  oscillator  strengths  of  34  lines  of  Ca  I  be¬ 
tween  2275  A  and  6572  A  were  measured  by  the  anomalous  dis¬ 
persion  method.  The  results  of  the  measurements  are  given 
In  Table  32. 
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46,  Ostrovskiy,  Yu.  I.,  and  N.  P.  Penkln.  Measurement  of  the 
absolute  values  of  oscillator  strengths  In  atomic  spectra. 

Part  II.  Optlka  1  spektroskoplya,  v.  11,  no.  5>  19d1> 

565-576.  QC350.068,  V.  11 

The  absolute  oscillator  strengths  of  resonance  lines 
i/P.  -  of  calcium,  strontium,  and  barium  are  calculated 
(Taole  33 The  results  obtained  are  more  accurate  than 
those  obtained  earlier  by  the  same  authors  [38].  The  absolute 
values  of  oscillator  strengths  of  Ca  II,  Sr  II,  and  Ba' II 
resonance  lines  obtained  earlier  [44]  were  recalculated.  The 
values  obtained  are  listed  In  Table  34. 


47.  Penkln,  N.  P.,  and  L.  N.  Shabanova.  Oscillator  strengths  of 
the  spectral  lines  of  magnesium,  strontium,  and  barium. 

Optlka  1  spektroskopiya,  v.  12,  no.  1,  1962,  3-11. 

QC350.068,  V.  12 

The  anomalous  dispersion  method  was  used  to  measure  the 
relative  oscillator  strengths  of  13  lines  In  the  principal 
series  of  strontium  and  barium.  The  absolute  oscillator 
strengths  were  determined  from  experimental  data  and  absolute 
f -values  for  resonance  lines  -  ^P®^)  of  these  elements 

determined  earlier  by  Ostrovskiy  and  Pepkln.  The  relative 
and  absolute  f-values  of  strontium  and  barium  obtained  are 
given  In  Table  35.  Relative  oscillator  strengths  for  the 
ns*  -  (n-l)dmp  transitions  of  barium  arising  in  simultaneous 
excitation  of  two  electrons  were  measured  and  the  absolute 
f-values  calculated  (Table  36).  The  f-values  for  the 
*Pg  ,  p  -  *Sj  and  "Pg  ,  p  -  *D,  .3  transitions  in  Mg  I  and 
3r  1  ^ere  also  measured!  The  dAt&  obtained  are  listed  In 
Tables  37  and  38, 


48.  Ostrovskiy,  Yu,  I.,  and  N.  P.  Penkln,  Measurement  of  the 
absolute  values  of  oscillator  strengths  in  atomic  spectra. 
Part  III.  Optlka  1  spektroskopiya,  v,  12,  no.  6,  1962, 
669-670.  QC350.068,  V.  12 

Thf  absolute  value  of  the  oscillator  strength  In  the 
resonance  doublet  of  K  I  (4*S./_  -  4»po./3  3,  ; 

A.  M  7664,907  A  and  7698.979  ^  was  determln4d  to  be  equal 
to  1.03  +  0.03. 
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Theoretical  Values 


49.  Boyarchuk,  M.  Ye.,  and  A,  A.  Boyarchuk.  Oscillator 

strengths  determined  on  the  basis  of  stellar  spectra  study. 
IN:  Akademlya  nauk  SSSB.  Krymskaya  astroflzlcheskaya 
observatorlya.  Izvestlya,  v.  22,  i960,  234-256. 

QB1.A17642,  V.  22 

If  a  growth  curve  la  constructed  from  stellar  spectro¬ 
grams  using  only  the  lines  for  which  laboratory  f -values 
are  known,  then  the  log  'f\  values  which  are  proportional  to 
oscillator  strengths  can  be  determined  for  all  lines  from 
the  equivalent  line  widths.  The  authors  use  this  method, 
developed  by  K.  0.  Wright,  and  available  log  ^  data  from 
five  non-Soviet  scientists  to  determine  relative  oscillator 
strengths  (log  g  f  A.)  for  1184  lines  of  21  different  atoms 
and  Ions  (Table  39). 

A  comparison  of  the  relative  oscillator  strengths  obtained 
by  the  authors  with  the  available  experimental  values  shows 
that  the  former  are  a  little  less  precise.  The  main  source 
of  error  Is  believed  to  be  due  to  blending.  The  factors  for 
the  conversion  of  relative  oscillator  strengths  to  absolute 
values  (Table  4o)  are  determined  from  the  known  experimental 
and  theoretical  absolute  oscillator  strength  values  for  all 
of  the  Ions  and  atoms  for  which  relative  f-values  were  deter¬ 
mined  with  the  exception  of  Y  II,  Zr  II,  and  La  II  Ions. 


50.  Khokhlov,  M.  Z.  Oscillator  strengths  for  p*-ps  transitions 
In  Cl,  SI  I  ,  Qe  I,  Sn  I,  and  Pb  I.  Part  II.  IN:  Akademlya 
nauk  SSSR.  Krymskaya  astroflzlcheskaya  observatorlya.  Iz-' 
vestlya,  v.  26,  1961,  52-62.  QB1.A17642,  v.  26 

The  line  strengths  for  the  p»-ps  transitions  In  C  I,  SI  I, 

Oe  I,  Sn  I,  and  Pb  I  were  computed  In  Intermediate  coupling 
by  means  of  quantum  mechanics  (Table  4l).  Spln-orblt  Inter¬ 
action  was  taken  Into  account,  but  configuration  Interaction 
was  neglected.  The  coupling  parameters  of  the  configurations 
were  selected  to  obtain  the  best  agreement  between  e^erlmental 
and  computed  values  of  the  level  energies. 
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51.  Nikitin,  A.  A.  Study  of  the  Raman  spectrum  of  N  III  In 
the  envelopes  of  stars  and  nebulae.  Part  V:*  Determi¬ 
nation  of  approximate  values  of  the  transition  probabili¬ 
ties  and  coefficient  of  absorption  for  energy  levels  of 
N  II  with  l8*2a»ni  and  ls*2s2p(i >«p)ni  configurations. 

IN:  Leningrad.  Lenlngradskly  unlversltet.  Vestnlk,  no.  13. 
Serlya  matematlkl,  nekhanlkl  1  astronomll,  no.  3>  19o2. 
113-137. 

The  wave  functions  determined  In  [6o]  are  used  to  calcu¬ 
late  approximate  values  of  transition  probabilities  and  co¬ 
efficients  of  absorption  for  some  N  III  energy  levels.  The 
oscillator  strengths  and  transition  probabilities  for  transi¬ 
tion  between  levels  of  ls»2s*ni  configurations  were  determined 
from  the  following  formulas: 


(1) 


where  ni*L  Is  the  lower  level;  n'i‘*L',  the  upper  level;  and 
max  {12'),  the  highest  value  of  the  1  level  In  the  transition. 
The  other  symbols  are  standard.  The  probability  of  spontane¬ 
ous  transition  from  level  n'  to  level  n  la 


<•»’ 
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4/»_l  ''IV 


(2) 


where  "  (28  +  1)  (2L  +  l)  Is  the  sLatlstlcal  v/clsht  of  the  upper 
term,  and  Sll’  lo  the  multlplet  strength  which  ror  one  elec¬ 
tron  spectrum  la  proportional  to  the  statistical  weight. 


The  results  of  calculations  for  transitions  between  some 
of  the  levels  of  lsa2s*ni  configurations  are  given  In  Table 
The  oscillator  strengths  and  coefficients  of  absorption  for 
transitions  from  l8328*ni  configurations  Into  continuous 
spectx^im  were  determined.  The  coefficient  of  absorption  Is 
given  by 


•'*  f  * 

mt 


42. 


(3) 


*  Parts  II  and  IV  of  this  study  are  the  only  other  parts  located  to  date. 

No  reference  Is  made  in  any  of  these  articles  to  parts  I  Or  III.  Part  II 
deals  with  the  calculation  of  N  II  energy  levels  and  is  not  Included  in 
this  report.  Part  IV  is  entry  60. 
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where  Z  Is  the  effective  charge,  and  k  Is  a  parameter 
associated  with  the  frequency  of  emission  In  the  continu¬ 
ous  spectrum  by  the  relationship 


=  +  /?y  =  3.29.l0“te<r>. 


(^) 


where Xn  the  Ionization  potential  of  the  n-th  level, 
and  fnk  the  oscillator  strength  for  transitions  to  the 
state  of  continuous  spectrum  and  Is  given  by 


^  _  l  m*x(//')  V  ,, 
fnk—— 


■=|j 


P{nl\r)P(kl±  1,  r)rdr 


f- 


(5) 


For  practical  calculations,  the  asymptotic  expression 
for  which  holds  true  for  large  values  of  k»,  are  used. 

The  formulas  for  for  the  case  discussed  In  this  paper, 
using  wave  functions  derived  In  [6o],  are 


«» 

P=J^(3s)r)/>(*;>|r)rdr;  p»=:^  Jn- 

I  j  _  2(3«T-f42»/<X-»  +  4f4jX-»  +  S>X-<  +  5aX-*09 
•  +  /47X-*  +  aX~<l  ’ 

a  =  41  — 2Z:  T  =  20X»-f  4Z*  — 20Z)i;  «  =  72Z*1  -  28Z*; 
•  =  72Z*XH-120X'-180ZX»-8Z*;  f  =  Z*X-^ 


The  results  of  calculations  are  given  In  Table  43. 

The  quadrupole  transition  probability  for  the  2p*P  -  3p*P 
transition  It.  N  III  was  determined  as 

A(3p»P  -  2p»P)  -  2.6.10“.  (7) 


-  68  - 


(8) 


The  transition  probability  for  the  sp**P  -  p**S  transi¬ 
tion  in  N  III  was  determined  as 

A(*P  -  *S)  »  1.4.10«, 

The  corresponding  oscillator  strength  for  this  transition 
is 


f(*P  -  “S)  -  0.043. 


(9) 


The  oscillator  strengths  and  transition  probabilities 
between  terms  of  ls»2s2p(^» ®p)ni  configurations  were 
evaluated  from  the  following  formulas ; 


/»  =  - 

- 


’ii- 

TfT 


1 


k>,  4/*—  1  ’ 
_ _  _ 


I—  U-  ^ 

* — iPr: 


(10) 


where  is  the  statistical  weight  of  the  lower  level;  Slli 
la  the  multiple t  strength,  and  i  is  the  largest  value  of  ii 
in  the  transition.  Terms  vlli  and  S^li  are  taken  from  other 
sources  or  calculated  by  the  author.  The  results  are  given 
in  Tables  44  and  45, 

The  oscillator  strengths  and  coefficients  of  absorption  are 
calculated  for  transitions  into  continuous  spectrum  from  levels 
of  ls*2s*2p(' >  •p)ni  configurations  (Tables  46  and  47)  and  for 
transitions  into  the  state  of  continuous  spectrum  from  levels 
of  ls*2a2p(*P)ni  (n  ■  4,  1  •  0,  1,  2)  configurations  (Tables  48 
and  49). 


52.  Gruzdev,  P.  F.  Relative  oscillator  strengths  in  the  spectrum 
of  the  Co  II  ion.  Optlka  1  spektroskoplya,  v.  13,  no.  3» 

1962,  302-307.  QC350.068,  V.  13 

Intermediate  coupling  is  discussed  and  a  criterion  developed 
to  determine  when  the  coupling  between  configurations  can  be 
neglected.  Formulas  for  calculating  line  strengths  in  inter¬ 
mediate  coupling  with  the  phase  taken  into  consideration  are 
derived.  The  relative  line  strengths  for  the  3d’ (a*  F)48  -  3d‘' 

(a*  P)4p  transition  in  Co  II  were  computed  in  LS  and  inter¬ 
mediate  coupling  (Table  50) .  According  to  the  criteria  de¬ 
veloped  earlier  by  the  author,  the  relative  line  strengths  com¬ 
puted  in  intermediate  coupling  should  be  in  good  agreement  with 
the  actual  experimental  values.  The  relative  oscillator  strengths 
were  computed  from  line  strengths  in  intermediate  coupling  and 
are  included  in  Table  50. 


/'  f  , 
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53.  Gruzdev,  P.  F.  Relative  oscillator  strengths  in  the  spectrum 
of  the  N1  II  Ion.  Optlka  1  spektroskoplya,  v.  13,  no.  3t 
1962,  451-453.  00350.068,  V.  13 

The  relative  line  strengths  for  the  3d*(*P)4s  -  3d®(®F)4p 
transitions  In  N  II  were  computed  In  LS  and  Intermediate 
coupling  (Table  5i).  According  to  criteria  developed  earlier 
by  the  author,  the  relative  line  strengths  computed  In  Inter¬ 
mediate  coupling  should  be  In  good  agreement  with  the  actual 
(experimental)  values.  The  relative  oscillator  strengths  were 
computed  from  line  strengths  In  Intermediate  coupling  and  are 
listed  In  Table  51. 


Experimental  Methods  and  Criteria 


54.  Beberman,  L.  M.  Determination  of  oscillator  strength  by  direct 
measurement  of  the  spectral  line  width  In  a  source  of  finite 
optical  density,  Optlkl  1  spektroskoplya,  v.  3>  no,  4,  1957* 
397-399.  QC350.O68,  v.  3 

A  new  method  for  measuring  oscillator  strengths  Is  proposed. 
It  is  baaed  on  an  earlier  paper  by  the  author  In  which  It  was 
shown  that  in  a  wide  range  of  optical  densities  the  width  of  an 
emission  line  varies  linearly  with  optical  density. 


55.  Ostrovskiy,  Yu.  I.,  N.  P.  Penkin,  and  L.  N.  Shabanova.  Abso¬ 
lute  values  of  oscillator  strengths  of  Mg  I,  Sr  I,  Ca  I,  and 
Ba  I  resonance  lines.  IN:  Akademlya  nauk  SSSR.  Doklady, 

V.  120,  no.  1,  1958,  66-68.  AS262.S3663,  v.  120 

A  method  for  the  determination  of  absolute  oscillator 
strengths  of  resonance  lines  based  on  the  simultaneous  meas¬ 
urement  of  total  absorption  and  dispersion  Is  proposed.  The 
absolute  oscillator  strengths  of  resonance  lines  'P.  - 
of  Mg  I,  Ca  I,  Sr  I,  and  Ba  I  were  determined.  Better  results 
were  obtained  In  a  later  work  [46]  except  for  Mg  I,  Here, 

-  1-2  ±  0.3. 
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56.  Oruzdev,  P.  P.,  and  Q.  P.  Startsev.  Some  criteria  for  the 
applicability  of  theoretical  Intensities  calculated  In  LS 
coupling  to  the  spectra  of  complex  atoms.  Optlka  1  spektro> 
skoplya,  v.  8,  no,  6,  i960,  879-881,  QC350,068,  v.  8 

Criteria  are  developed  which  allow  an  easy  check  to  deter¬ 
mine  whether  theoretical  Intensities  calculated  In  LS  coupling 
correspond  to  experimental  values.  These  criteria  are  based 
on  the  differences  between  the  experimental  and  the  theoretical 
values  of  the  Lande  g  factor,  or 

^8  ■  Sexp  “  Ktheor* 

Three  cases  are  discussed: 

1)  Ag  <  0.010.  Oood  agreement  should  exist  between  the 
theoretical  and  the  calculated  values  of  Intensity  (excluding 
the  level  with  the  smallest  J ) . 

2)  Ag  *  0.010  -  0.030.  Some  deviation  should  occur  between 
the  theoretical  and  the  calculated  values  of  Intensity. 

3)  Ag  >  0,030.  A  large  deviation  should  occur  bet/Ween  the 
;  theoretical  and  calculated  values  of  intensity. 


57.  Ostrovskiy,  Yu.  I.,  and  N.  P.  Penkln.  Measurement  of  the  abso¬ 
lute  value  of  oscillator  strengths  in  atomic  spectra.  Part  I, 
Optlka  1  spektroskopiya,  v.  11,  no.  1,  I96I,  1-11. 

QC350.068,  V.  11 

A  method  proposed  by  the  authors  In  1958  for  measuring  abso¬ 
lute  values  of  oscillator  strengths  of  resonance  lines  based 
on  simultaneous  measurements  of  total  absorption  and  dispersion 
Is  described.  The  absolute  value  of  the  oscillator  strength 
In  the  yellow  doublet  of  Na  was  determined  to  be  fjj  ■  1,15  +  0,03. 
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Wave  Punctlona 


58.  Band,  I.  M. ,  L.  N,  Zyryanova,  and  Ch'lng  Ch'eng-Jul.  Numeri¬ 
cal  wave  function  values  of  K  electrons  which  determine  the 
probability  of  allowed  and  forbidden  K  capture.  IN:  Akademlya 
nauk  SSSR.  Izvestlya.  Serlya  flzlcheskaya,  v.  20,  no.  12, 
1956,  1387-1398.  AS262.A62455,  v.  20 

The  wave  functions  of  K  electrons  were  calculated  for  the 
elements  given  In  Table  52.  The  results  given  were  obtained 
by  numerical  integration  of  Dirac's  equation  for  a  potential 
which  takes  Into  account  the  presence  of  orbital  electrons 
and  the  finite  dimensions  of  the  nucleus.  The  radius  of  the 
nucleus  R  was  assumed  to  be 


R  »  1.2‘10“i»  Ai/5  cm. 

In  addition,  numerical  data  necessary  for  the  calculation  of 
K  capture  probabilities  for  elements  with  Z  ranging  from 
5  to  98  were  calculated. 


59.  Tetrasheo',  M.  I.,  I.  V.  Abarenko,  and  N.  N.  Krlstofel'. 

Approximate  wave  functions  of  free  Ions  and  Ions  In  crystals. 
IN:  Leningrad.  Lenlngradskly  unlversltet.  Vestnlk,  no.  I6. 
Serlya  flzlkl  1  khlmli,  no.  3#  I960,  7-21. 

A  simple  method  Is  developed  for  obtaining  approximate 
one-electron  wave  functions  of  an  ion  In  a  crystal.  It  Is 
based  on  the  assumption  that  the  electrons  move  In  an  ef¬ 
fective  crystalline  field.  The  application  of  this  method 
requires  the  knowledge  of  wave  functions  of  free  Ions.  A 
semlemplrlcal  method  of  obtaining  such  functions  Is  outlined. 
The  results  of  calculations  for  free  Ca  atom  and  the  Tl'*’  Ion 
are  given  In  Tables  53  and  54,  respectively.  The  wave  func¬ 
tions  of  a  number  of  Ions  In  some  of  the  alkali -halide  crystals 
were  also  obtained. 
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60._  Nikitin,  A.  A.,  and  E.  P.  Filatova.  Determination  of  the 
wave  functions  for  N  III  In  connection  with  the  Investi¬ 
gation  of  Its  Raman  spectrum  in  the  envelopes  of  stars 
and  nebulae.  Part  IV.  IN:  Leningrad.  Lenlngradskly 
unlversltet.  Vestnlk,  no.  7*  Serlya  matematlkl,  mekhanlkl 
1  astronomll,  no.  2,  1962,  l47-l6o. 

Approximate  radial  wave  functions  are  found  for  the  fol¬ 
lowing  N  III  confl^ratlon  levels;  ls*2B8ni,  ni>3,  ^  ■  0,1, 
2,3*4;  and  Isa2s2p(' »*P)  +  ni,  n  ■  3*4  and  1  ■  0,1,2,‘3.  The 
parameters  that  appear  In  these  equations  are  evaluated.  The 
only  numerical  data  calculated  for  N  III  are  given  In  ,:3- 

In  deriving  the  expressions  for  the  wave  functions  of  N  III, 
the  authors  used  wave  functions  for  some  Ca  II  and  B  I  levels 
derived  by  Soviet  scientists  [but  which  are  unavailable  at 
the  Library  of  Congress].  These  wave  functions  are  reproduced 
In  Tables  56  to  61, 


61.  Smirnova,  E,  V.  Approximate  wave  functions  for  the  galll\im 
Ion  In  crystals.  IN:  Leningrad.  Lenlngradskly  unlversltet. 
Vestnlk,  no.  16.  Serlya  flzlkl  1  khlmll,  no.  3*  1962,  66-71. 

The  semlemplrlcal  method  is  used  for  calculations  of  one- 
electron  wave  functions  for  the  free  Qa+  Ion  (Table  62). 

These  functions  are  used  to  obtain  corresponding  wave  func¬ 
tions  of  the  Qa+  Ion  In  KCl  crystallophosphor  with  Qa+  as  an 
activating  Impurity. 
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3.  Theoretical  Developments 


62,  Bersuker,  I.  B.  Concerning  the  theorem  on  the  sum  of 
oscillator  strength  for  alkali  metals.  IN:  Akademlya 
nauk  SSSR.  Doklady,  v.  113,  no.  5,  1957,  1017-1019. 

AS262. 33663,  V.  113 

A  formula  for  the  oscillator  strengths  of  induced  transi¬ 
tions  In  alkali  metals  and  alkaline-type  atoms  Is  derived 
taking  Into  consideration  changes  in  the  screening  potential 
and  exchange  operator  due  to  deformation  of  the  Inner  electron 
cloud.  The  formula  Is  summed  up  to  obtain  an  expression  for 
the  sum  of  the  oscillator  strengths  for  these  systems.  A 
special  caee  of  this  formula  Is  used  to  calculate  the  sum  of 
oscillator  strengths  for  experimentally  observed  transitions 
In  the  principal  series  of  Na,  K,  and  Ca. 


63.  Bersuker^  I.  B.  The  Influence  of  the  core  on  the  transitions 
of  optical  electrons.  Optlka  1  spektroskoplya,  v.  3,  no.  2, 
1957,  97-103.  QC350.068,  v.  3 

The  effect  of  the  core  on  the  processes  associated  with 
the  change  In  state  of  optical  electrons  due  to  optical 
transitions  la  considered.  In  the  adiabatic  approximation, 
the  effect  of  the  Inner  electrons  on  the  transltlohs  of  the 
optical  electrons  Is  taken  Into  consideration  by  adding  a 
perturbation  due  to  nonlnertlal  polarization  of  t)>e  core  by 
the  field  of  the  electromagnetic  wave.  A  corresponding  cor¬ 
rection  Is  Introduced  Into  the  formulas  for  oscillator 
strength  and  the  sum  of  the  oscillator  strengths.  Calcu¬ 
lation  for  LI,  Na,  K,  Ca+,  and  A1++  are  In  good  agreement 
with  avAllable  experimental  data,  according  to  which  the  sum 
of  the  oscillator  strengths  for  the  experimentally  observed 
transitions  Is  considerably  greater  than  unll^y.  Additional 
allowed  transitions  for  molecules  due  to  this  perturbation 
are  calculated.  Soine  of  these  have  already  been  observed  In 
oxygen . 


64.  Veselov,  M.  G.,  and  I.  B.  Bersuker.  Adiabatic  approximation 
In  the  quantum  theory  of  atoms.  IN:  Leningrad.  Lenlngrad- 
skly  unlversltet.  Vestnlk,  no.  16.  Serlya  flzlkl  1  khlmll, 
no.  3,  1957,  55-56. 

This  Is  the  earlier  version  of  [66]  with  less  mathematical 
detail. 
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63.  Veselov,.  M.  G.,  and  I.  B.  Bersuker.  Adiabatic  approxl> 
matlon  In  the  quantum  theory  of  atoms.  IN:  Akademlya 
nauk  SSSR.  Izvestlya.  Serlya  flzlcheskaya,  v.  22,  no.  6, 
1958,  662-664.  AS262.A62455,  v.  22 

A  new  method  for  quantum  mechanical  calculations  of 
many-electron  systems  Is  presented.  The  many-electron 
quantum  problem  is  divided  into  two  parts.  The  total  wave 
function  U  of  the  system  Is  made  up  of  the  product  of  the 
wave  function  Un  of  core  electrons  and  the  wave  function  cp 
of  the  outer  electrons  N-n. 

The  quantum  problem  of  core  electrons  for  different  space 
configurations  Is  considered  first: 


2 

<-1*  lit 
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fj  ,  r„;  . 
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(1) 


Hgnre  energy  operator  of  the  core  electrons  with  no 

allowance  for  Its  Interaction  with  outer  electrons  (which  Is 
expressed  by  the  ElTVCr^ij)  operator).  The  wave  function  U  in¬ 
cludes  the  coordinates  of  outer  electrons  as  parameters;  the 
energy  W  of  the  core  Is  a  function  of  these  parameters  and  Is 
equivalent  to  the  potential  energy  In  the  equation  for  outer 
electrons: 


[No  . . . .  rj»)|  ^  „  . . . ,  rff)  •  £9  (/•„+, . r^), 


(2) 


Here  Ho  is  the  energy  operator  of  outer  electrons  with  no 
allowance  for  their  interaction  with  the  core  electrons, 
and  £  Is  the  total  energy  of  the  system.  This  method  Is 
a  variation  of  the  method  of  Incomplete  seoaratlon  of  vari¬ 
ables  extended  to  include  the  polarizing  effect  of  the 
outer  electrons  on  the  core  and  the  reverse  effect  of  the 
core  on  the  outer  electrons. 
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66,  Yutsls,  A.  P,,  Ya.  T.  Vizbarayte,  V.  I.  Kavedtakla,  and 
I.  V.  Batarunas.  Two-electron-state  model  approximation 
and  the  ao-called  anomaly  In  the  apeotra  of  carbon,  nitro¬ 
gen,  and  oxygen.  IN:  Akademlya  nauk  SSSR.  Izveatlya. 

Serlya  flzlcheskaya,  v.  22,  no,  6,  1958,  665-667, 

AS262.A62455,  v.  22 

The  poaslblllty  of  developing  an  approximation  method 
on  the  basis  of  tvro-electron  states  described  by  more  precise 
two-electron  wave  functions  Is  considered.  In  this  method, 
the  wave  functions  of  each  electron  pair  are  obtained  by  the 
method  of  Incomplete  separation  of  variables  or  the  multl- 
conflguratlon-approxlmatlon  method.  The  wave  function  of  the 
whole  system  Is  obtained  by  multiplication  of  the  wave  func¬ 
tions  of  individual  electron  pairs  and  a  subsequent  antisym¬ 
metry  operation.  Numerical  calculations  of  energy  for  the 
ls»28,la*2P  configuration  of  the  lithium  atom  on  the  basis  of 
this  model  are  In  good  agreement  with  experimental  values.  Good 
agreement  Is  also  obtained  between  theoretical  and  experimental 
values  for  the  relationship 

>■5  - 

ID  _ 

for  the  ls*2sa2pQ(q  •  2,3,^)  configuration  of  carbon  and 
o3Qrgeri  atoms,  and  for  the  relationship 

»?  -  »D 
ap  -  ■*S 

for  the  same  configuration  of  nitrogen  atoms. 


67.  Bersuker,  I.  B.  Optical  transition  probabilities  In  atoms 
and  molecules  with  a  polarizable  core.  IN:  Akademlya  nauk 
SSSR.  Izvestlya.  Serlya  flzlcheskaya,  v,  22,  no,  6,  I958, 
749-752.  AS262.A62455,  v.  22 

The  effect  of  the  core  on  the  transitions  of  optical 
electrons  Is  considered.  Formulas  for  transition  probabili¬ 
ties  and  oscillator  strengths  In  many  electron  systems  are 
derived  with  this  effect  taken  Into  consideration.  The 
absolute  f-value  for  the  resonance  transition  In  Na  calcu¬ 
lated  by  means  of  this  formula, 

-  1.22  , 

3d 

Is  very  close  to  experimental  f-value  (1.24)  calculated  by 
G„  S,  Kvater  (USSR)  in  1945. 
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68.  Bersuker,  I.  B.  Quantum  transitions  In  self-consistent  field 
approximation.  Optlka  1  spektroskoplya,  v.  9*  no.  6,  i960, 
685-691.  QC350.068,  V.  9 

A  different  and  more  exact  method  of  solving  nonstationary 
problems  In  self-consistent  field  approximation  Is  proposed. 

In  which  the  probability  of  quantum  transitions  Is  obtained 
as  a  solution  of  a  system  of  nonstationary  equations  of  the 
self-consistent  field,  analogous  to  the  equations  of  Fock  for 
the  stationary  case.  It  Is  shown  that  the  conventional  formula 
for  the  transition  probabilities  Is  an  approximation  of  the 
zero  order  In  the  matrix  elements  of  the  Interaction  operator 
between  the  electrons.  A  first  approximation  correction  Is 
obtained  for  this  formula.  The  specific  case  of  optical 
dipole  transitions  In  atoms  la  Investigated  In  more  detail 
and  the  exprerislon  for  the  correction  term  reduced  to  a  form 
which  Is  convenient  for  numerical  calculations. 


69.  Veselov^  M.  0.,  and  1.  B.  Bersuker.  Computation  of  the  lithium 
atom  and  the  calculation  of  the  nuclear  magnetic  moment.  Optlka 
1  spektroskoplya,  v,  13,  no.  3,  1962,  297-301. 

QC350.068,  V.  13 

The  results  of  computation  of  the  lithium  atom  by  adia¬ 
batic  approximation  are  given.  Accoz*dlng  to  the  method  used 
[see  45I,  the  effect  of  polarization  of  the  core  by  the  opti¬ 
cal  electron  and  the  reverse  effect  of  this  polarization  on  the 
optical  electron  are  automatically  taken  Into  consideration. 

At  the  same  time,  the  wave  function  of  the  Inner  Is  electron 
Is  deformed  and  depends  parametrically  on  the  position  of  the 
optical  electron.  The  equation  for  the  optical  electron  Includes 
the  "potential  of  mirror  forces";  l.e.,  a  potential  acting  on 
the  optical  electron  due  to  the  polarization  of  the  core  by  the 
optical  electron.  Wave  functions  are  obtained  for  the  28,  2p, 
and  3p  states  of  the  lithium  atom,  and  It  Is  shown  that  the 
adiabatic  approximation  method  results  In  better  values  of  the 
wave  function  near  r  >  0.  This  made  It  possible  to  ooQqmte 
the  magnetic  moment  of  the  Ll'^  nucleus.  The  value  of  the 
magnetic  moment  obtained  Is  In  better  agreement  with  the 
experimental  value  than  the  one  obtained  by  the  Hartree-Fock 
method. 
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70.  Veselov,  M.  Q.,  and  L.  N.  Labzovskly.  Exchange  In  the 

adiabatic  approximation  In  the  theory  of  the  atom.  IN:  Lenin¬ 
grad.  Lenlngradskly  unlveraltet.  Veatnlk,  no.  l6.  Serlya 
flzlkl  1  khlrall,  no.  3,  1962,  30t35. 

The  effect  of  exchange  In  the  adiabatic  approximation 
method  la  considered.  An  approximate  esqpreaalon  for.  the  ex¬ 
change  correction  to  the  energy  of  an  atom  In  the  adiabatic 
approximation  la  obtained,  and  the  correction  t^rm  la  evalu¬ 
ated  for  the  ground  state  of  the  lithium  atom.  In  this  example. 
Inclusion  of  the  exchange  In  the  adiabatic  approximation  method 
resulted  In  an  Improvement  of  the  same  order  as  the  one  obtained 
by  Including  the  exchange  In  the  Hartree  method. 
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4,  Tables  for  Part  Two 


Ta'ole  Id.  OseillAtar  Strengths  for  the  Strongest  Lines  of  A1  I  [^3] 


o 

. 

,  A 

Transition 

f 

3944.03 

99 

3961.53 

3^,/.  -  '••s,/. 

100 

3082.15 

-  5^s/s 

149 

3092.75 

3*^/.  “  *  »/s 

152 
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Table  19*  Absolute  f-Values  for  Linas  of  Cr  [34] 


Table  20.  Absolute  f'Values 
for  Lines  of  Mn  [34] 


Txaosi- 

tloo 


B4t2.r>4)«  >i-.V 
M04.c;4 ; 
40S4.40()|  «".V 


40i3.O7S . 
40ia7M 
*S24.7SI 
ni6.niK 

SW>l4)e4 

178S.S7I 

2794417 


i$"S  -:«#>*• 

tf  S  - 


J 

fio* 

n.ou 

-'It 

O.0BI 

-•It 

27 

-»/t 

40 

-Vt 

M 

au 

-Vt 

ais 

-Vt 

290 

-•/. 

420 

-Vt 

>70 

80 


Table  21.  Relative  Cecillator  Strengths  of  Sc  I  Lines  [35] 


Multlplet  1 
no*  _L 

MA) 

Transi-  ' 
tioc 

/ 

« 

t 

/** 

1 

6378.814 

6418.868 

l/--  H/'J 

••/-  -  5/^ 

10.6 

10.6 

— 

a 

6210.816 

6276.810 

6806.671 

-  31-: 
■,ii-  bl'i 

165 

11.8 
.  104 

66.6 

6.2 

100 

64.8 

7.2 

100 

1 

6268.062 

a*D—t'Do 

•./•J-  6/3 

662) 

— 

— 

5 

4763.162 

4770.840 

3/3-  6/2 
5/3-  7/2 

80.2 

62.6 

07 

100 

70 

100 

6 

4054.666 

4082.306 

3/3-3/2, 1/2 
5/3-  8/2 

065 

1000 

66.6 

100 

66.7 

too 

7 

3006.607 

4020.800 

4028.688 

4047.781 

Jo*/)— y*/)” 

3.3—  .3/3 

3/3-  a/’3 
•>/3-  5/3 

5.3—  3,3 

89.6 

628 

626 

41.4 

11.6 

67.1 

100 

7.7 

7.2 

64.8 

100 

7-2 

8 

8007.476 
8811.810 
8083.881  j 

j  ] 

3,3—  5/3 

1  5/3-  7/3 

1  5; -3-  5;  3 

714 

698 

67.7 

68.7 

100 

8.2 

70 

100 

6 

0 

8266.678 

8269.004 

8278.062 

'  3  -1—  S/J 

1--  1.^ 

I  b,-i—  3/U 

1 

814 

3870 

4840 

11.4 

63.4 
100 

11.: 

65.i: 

100 

■  10 

8080.780 

8016.816 

1  2—  6/2 

1  3  3-  6/2 

286 

2670 

0.1 

70 

6 

70 

la 

6671.806 

6686.826 

6700.14 

6711.764 

!  9'2-11/2 
7,2—  U,2 
6/2-  7/2 

3/2-  6/2 

6000 

6600 

6900 

7600 

100 

74.2 

68.2 
48.4 

100 

76.1 

67.1 
42.3 

14 

4787.642 

4741.018 

4748.814 

.-.,2-  3, '2 
7/2-.  .f/l 
:i'2—  7,2 

6800 

6700 

7000 

68.8 

76.8 

100 

44  .8 

68.6 

100 

16 

6314.216 

6620.486 

rntF-ttC' 

:,/2-  7, '2 
7/3-  y/2 

8200 

7400 

83.7 

100 

77.1 

100 

16 

6481.888 

640L6I8 

a*.-  -xtr 

7/3-  7/3 
../3—  6  2 

BfiOO 

9100 

100 

80.8 

100 

74.1 

*  Relative  IntensitieB  of  each  multiplet  line  calculated 
frcm  the  authors'  data. 

**  Relative  intensities  of  each  multlplet  line  ccnputed 
from  the  Kronlg-Ecnl  fomula. 
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Table  22.  Absolute  Osoillator  Strength^  for  the  Five  Strongest  Lines 
of  Oa  I  L36] 


X 

(A) 

.  Transition  J 

; 

4172.048 

\  4i/>*  f.tS  1 

0.135 

40S2.07S 

/  *  1  '/,-Vi 

0.129 

2948.689 

0.287 

2874.140 

0.818 

2044.175 

J  1  */i— */i 

1 

0.088 

Table  23.  Absolute  Oscillator  Strengths  for  the  Five  Stongest  Lines 
of  In  I  L36] 


(^) 

Transition 

J 

/ 

4611.810 

•'4101.764 

1  5i/»»  _  ats 

0.818 

0.801 

3260.09 

\ 

*/,“*/» 

0.800 

3089.86 

)  6*/»®  -  b*D 

0.806 

8268.66 

1 

0S70 

Table  24.  Relative  Osoillator  Strengths  for  Linas  of  Ca  II ^  Fe  I* 
Mn  II,  and  Mg  II  [37] 


leaeu% 

».  j\ 

Transition 

I’i  ^ 

:»n.i.i.rifi 

'|5,V,  —  ''1:/'.,  . 

Call 

31MW4.-47 

.  6  ll  * 

i-.v.  —  4'/V. 

2.06 

3047,90 

•iW<.  —  y'lf*! 

F«I 

2094.4:1 

•r’/**  —  y’O't 

1,.14 

(  2049.20 

Mali 

{  .20.19.;  0 

7,0:5,1 :3.t 

1  lOU.M 

±2,8  S 

279.'i.2 

p.v,,  —  2»/»., 

Mgll 

2802.7 

1  Is 

,,  -2’7>.,, 

2,09^6,8  % 

2579.11 

X  —  t'l'’, 

0:6.7: 5.2' 

Mali 

25»;t,7;i 

—  jV", 

±3.086 

\  26<K>,  10 

.(’.V;,  —  iW*", 
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TalJle  2$.  Relative  f>Valu«s  oC’  I  Speotrum  [40] 


Multi - 

plet 

no. 

/  1  VI 

Transi* ** 

tlon 

J 

f 

-ini' 

K 

X 

P* 

- 1 

'iN.''  1 .351 

9/2- 

7/2 

1160 

100 

10(> 

7/2- 

.5/2 

952 

68.(1 

65.4 

5/2- 

3/2 

861 

44.8 

IS-M./tfCl 

3/2- 

1/2 

H.'iO 

28.8 

'21.2 

1 

7/2- 

7/2 

218 

11.4 

14  0 

IKIl.tiW 

5,2- 

5/2 

287 

14.6 

14,7 

3/2- 

:i'2 

4.56 

11.2 

li;  7 

i 

-  *«c* 

9/2- 

11/2 

:noo 

100 

100 

7/2  — 

0/2 

908 

76.4 

72  4 

45MI.3‘J1 

5/2- 

7/2 

907 

57.4 

54.2 

.'4577.173 

:)/2- 

.5/2 

05.^ 

42.9 

:i8  2 

.'ib3.'..176 

9/2  — 

9/2 

77 

6.9 

7.7 

/46I!».77J 

7/2- 

7/2 

(M. 

9.1 

7.6 

160(i.l'i6 

5/2- 

5/2 

1 2.'. 

6.r, 

7.5 

5 

/.353.«72 

_  ttfo 

9/2- 

9/2 

111-. 

100 

100 

.'•341.013 

7/2- 

7 '2 

'■,r>u 

66.5 

07.6 

433.'.82:i 

5/2  — 

5/2 

•  iiO.5 

45.0 

46.7 

43;'.(  1.024 

3/2  — 

3/2 

t>6‘' 

.34.9 

34.4 

■ 

436.S.042 

7/2- 

5/2 

123 

11.7 

12.6 

4:0i).795 

7/2- 

9/2 

153 

9.1 

16.0 

430«>.2I4 

5/2- 

7/2 

2 1 4 

n.7 

1 6.5 

4307.184 

^’2 _ 

5/2 

23:: 

.8.7 

12.0 

7 

390J.2.S0 

«4p_y4/0 

9/2- 

9/2 

248(1 

100 

I0>) 

;ifi64..H«>2 

.5/2  - 

5/2 

•  2540 

45.0 

61.4 

3900.S94 

0/2  — 

7,2 

9.4 

14.2 

3893.859 

7/2- 

5/2 

.■>58 

11.7 

18.1 

3867.(102 

7/2- 

9/2 

277 

9.1 

9.0 

384.'..4:i« 

3/2- 

5/2 

778 

87 

12.6 

8 

389(1.184 

1/2  — 

7/2 

Ii4:) 

- 

<1 

.'828.559 

b*F  ~  v<Z)» 

5, '2  - 

3:80 

W 

3207.410 

9/2- 

9/2 

li'.TO 

(■  e 

'  6.9 

.1202.381 

7/2 

7/2 

2i>9()|  111 

8.9 

3198.012 

5/2- 

5  2 

27001  1,9 

6.9 

If. 

.3069.(145 

•*F  -  x*D’> 

7/2- 

7/2 

i.(1.8 

.. 

17 

:3066...75 

u*F  —  m*F« 

9/2  - 

9/2 

;37no 

100 

100 

;i060.'i00 

7/2- 

7/2 

O'l.^n 

06.5 

55.2 

30.5(i.;t34 

5/2- 

5  2 

.0700 

45.0 

:'i8.n 

o03;>.(i.i 

3/2- 

3/2 

.'■.'.00 

:i4.9 

24.8 

3044.036 

112- 

9/2 

073 

9.1 

5.7 

.•:043.I24 

5/2- 

7/2 

lO.^O 

11.7 

•S.V 

3043..V)5 

.3/2- 

5/2 

1740 

.8  7 

.5.1 

4437..S37 

•*D  —  *•/»«> 

7/2- 

7/2 

:270 

28.6 

28.0 

* 

4441.(183 

5/2- 

5/2 

17.  n 

.36,6 

29.2 

• 

4444.207 

3,2  - 

.3/2 

1  -2270 

28.0 

25.5 

4419.0;t5 

5/2- 

7/2 

:  .->0 

4.7 

6.0 

'i42«..il5 

.3/2  - 

.5/2 

:0i0 

12.0 

11.3 

'  44;.6.i:i8 

t/2- 

3/2 

2940 

20.0 

16.5 

4379.2:18 

••D  - 

9/2- 

11/2 

;7(ii70 

too 

100 

4389.074 

5/2- 

7/2 

:  2: 00 

42.9 

41.9 

4395.228 

3/2- 

5, '2 

11200 

24.0 

25.3 

j 

4400.575 

1/2- 

3/2 

(kli 

;  ia4 

10.4 

1 

4429.706 

9/2- 

7/2 

30 

1.2 

1.9 

*  latansltles  calculated  fren  tbe  ^Craaig>B&l  foimv^a. 

**  Intensitlee  computed  from  tbe  authem'  f- values. 
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Wbla  2?  (Coat.) 


Mult' 

pin 

no. 

<  (A) 

Tranal- 

tion 

t 

J 

t 

inti 

1 

- Ft 

n 

442aA)0& 

7  2  -  :,a 

708 

2.0 

3.2 

4421473 

5/2  -:i'2 

1320 

4.0 

4..1 

4416.474 

:i  2  - 1/2 

IK20 

3.7 

4.1 

27 

4111.78S 

9/2  -  !i  2 

11800 

100 

100 

4I1&.185 

7,2  -  7/2 

7530 

43.9 

51.0 

411M70 

5  2  -  'i  2 

.1820 

12.6 

ll'.l 

4134488 

0  2-7/2 

2050 

31.6 

£.0 

4132417 

7  ’2  —  ."i  2 

50.10 

20.5 

3..1 

4128.071 

5  2  —  :i/2 

5^60 

205 

2:1.8  ■ 

4t2.-<4a« 

3;'-  1/2 

5010 

19.1 

20.0  i 

4002.891 

7/2 -0.  2 

3150 

22.7 

2  1.1 1 

4009.766 

5.2  — 7;2 

6120 

3:1 

4109.786 

1  '2  -  :i/2 

12000 

10.1 

2<i.3 

28 

3784.864 

«4D-*»D» 

9  2-9,2 

£140 

100 

10<l 

38a3.471 

7,'2  -  7  2 

t.VK) 

43.9 

.'.2.4 

3778.684 

7  2.-9  2 

1)16 

22.7 

:i.i 

3790.324 

2-72 

1110 

31.G 

i.-i.S 

3799.812 

;»  2-  5  2 

INM) 

29.5 

:'.2.2 

28 

3688.069 

7  2-72 

33K0 

28.6 

2S.6 

3692.225 

r>  2-52 

Sl.'Oi 

36.6 

.■■2.7 

3695.8tt 

3' 2  -  :i  2 

6.100 

28.0 

26.9: 

:W5.700 

:*  :i  —  7 

7950 

4.7 

5.0 

3683.126 

2 -..5  2 

2880 

12.0 

12.3 

3690.281 

1  2  -  2 

9590 

20.0 

18.3 

41 

4080.579 

t%D  - 

7  2-02 

12400 

100 

I'O 

4085.486 

• 

2-72 

ti:ioo 

68.6 

68.2 

4102.159 

2.  2  -  r,  2 

124001 

44.8 

17.9 
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T«b]j«  26.  Rtt]Atlv«  f> Values  of  Co  I  [4p] 


Multi- 

plet 

no. 

•  (X) 

Transi¬ 

tion 

J 

j 

I- 

f 

—  1 

Twtowlty 

f.  il 

t*  1 

1 

a*F  -  *»/•« 

•  9/2  —  9  2 

1 

5  4  . 

1 

1 

4J-'9.955 

5/2-  3,2 

21  1 

— 

—  j 

:i 

;t!io>J.«3;i 

—  i»C» 

0/2—  11,2 

19  ! 

- 

- 

4 

a*F  -  t^Fo 

9/2—  9/2 

'll."  l  '■ 

too 

ItXt 

3li75.^t(>l  , 

7/2—  7.2 

OHO ' 

00.5 

50 

a<>94.H?0 

5/2-  5,2 

0..'.  ■ 

45.0 

38..' 

3t  .02.079 

3/2-  3,2 

7i.7  ^ 

34.9 

31.2 

j:..i0.075 

7/2—  5,2 

2’..l . 

11.7 

19.5 

3.');4t.592 

5/2-  3,2 

2'.tii 

8.7 

18.0 

aG:i  1.390 

7/2-  9/2 

i..f 

9.1 

4.9 

3ii;'i2.541 

5/2-  H2 

!M  I 

11.7 

5.7 

3(>'i7.U58 

3/2—  5,2 

l.)0 

8.7 

5.3. 

1 

5 

3405.792 

a*F  -  i<C» 

It  2—  11;2 

s7.'i  [ 

100 

100  1 

:>.j29.o;i2 

5,2  -  7  2 

11.,  0 

57.4 

70.0  i 

35.13.350 

3,2-  .5,2 

lll.O  1 

42.0 

46.61 

6 

3412.033 

a*F-t*D’> 

11, 2  —  7, 2 

7:o 

100 

1(10 

3431.5W2 

7/2-  5/2 

t.  3 

08.6 

71,3 

3442.918 

5,2-  3,2 

1.17 

44.8 

51.1 

34.‘A.237 

. 

3/2-  1,2 

7.0 

28.0 

40.9 

3'i'.1 1.310 

3/2-  3/2 

41.5 

11.2 

26.2 

3.'iH4.801 

5/2  —7.2 

:o 

0.8 

l.'ll 

9 

3139.947 

7/2—  5'2 

i-'i 

68.6 

0*)  II 

3149.310 

.5,2-  3,2 

1 1 

44.8 

47.3 

10 

3082.014 

9/2-11,2 

1'.'., 

lUU 

too 

31 47.000 

5/2-  7/2 

3).  4 

57.4 

IIK 

;AI89.500 

7/2-  7/2 

1  .3 

U.l 

61.8 

3098.194 

5/2-  6/2 

1..7 

8.0 

44..5 

3013.592 

0/2—  7/2 

1.6 

0.2 

35.9 

:i042.48l 

7.2-  5/2 

79 

0.3 

34.4  { 

11 

:3)44.004 

9/2—  9,2 

1312) 

too 

100 

•;MHil.«22 

7,2-  7/2 

!t!S 

68.5 

53.9 

3/2-  3/2 

1120 

34.9 

329 

3'.*!>7.100 

9/2-  7/2 

2-.5 

9.1 

1C.5 

..1)17.548 

\ 

7/2-  5/2 

;,i)i 

11.7 

17.7 

3(148.888 

5/2-  3/2 

30'. 

8.7 

13.4 

i;i 

3!i.S9.5») 

a*F  -  9*C‘> 

9/2-  9;2 

219 

—  1 

3i  .04.370 

7/'2-  9  2 

_ 

— 

to 

4020.818 

HF  -  **F^ 

9/2-  9/2 

.52 

— 

— 

17 

.KN70.h8l 

b*F  -  **00 

9,2-  9/2 

.9 

— 

— 

tt> 

.n7:».120 

i»F—t*iy> 

9/2-  7/2 

Idso 

100 

100 

.. '>73.953 

7  2—  5/2 

MS 

68.6 

60.8 

..SHl.809 

5,2-  3/2 

44.8 

;i8.2 

.  .S94.970 

.1,2-  1/2 

.'.VI 

284) 

21  7 

19 

1  3027.800 

b*F  -  i»C® 

7,2-  9/2 

.■.20 

— 

— 

1  .):.04.947 

1 

5  2  -T  7/2 

S'.»>  f  — 

— 

>490.081 

1 

7,2-  7/2 

45 1 

i  ■“ 

W 

.(.321.507 

9/2-  7/2 

9.17 

— 

_ 

..(215.370 

7,2-  7/2 

301 

— 

— 

21 

.523.423 

t*F-v*D» 

3/2-  1/2 

7oin 

28.0 

28.0 

•)fi8.5.l54 

7/2-  7/2 

7.'42 

11.4 

6.3 

*  Intaneitiee  calculated  frcn  the  Kroolg-HSnl  foxaula. 

**  Intensities  coiputed  fron  the  authors'  f-values. 
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Table  26  (Conli.) 


Multi - 
plet 
no. _ 

i(A) 

Traosi- 

tlon 

1 

J 

i 

.  L 

IntcMity. 

r  !  K  ‘ 
E  .  X 

S;, 

1  • 

21 

3574.967 

h*F-y*D° 

.V2-  .5/2 

r.20 

1 

ll.ol 

b..5 

35ti<i.S9l 

:i  2  —  3  2 

J4H0 

11.2 

5.9 

22 

3453.514 

'.I  2  -  1  1,2 

J4700 

100 

100 

3529.616 

7.2—  2 

5140 

76  4 

27.9 

3495.662 

■  .12-  5/2 

6690 

42.9 

KS.l 

3449.441 

'1/2  -  9  2 

i:iiO| 

6.9 

8.9 

3443.644 

1 

7  2—72 

5760 

9  1 

3449.170 

.5/2-  5/2 

3i:;o! 

69 

12.7 

23 

3405.120 

b*F-v*l‘  1 

'.1/2—.  9/2 

13600^ 

lOti 

100 

3'i()9.177 

7/2—  7,2 

.’4320  1 

66  5 

19.5 

3417.154 

1  5/2-  5,2 

:iooo 

II 

13.2 

34:13.045 

:i/2-  3  2 

8:i6o 

3/  9 

24.6. 

34.S3.410 

u7/2-  9/2  ; 

181 

9.1 

1.1 

3462.801 

■3/2-  5/2 

10900 

8.7 

32.0 

25 

3412.339 

b*F  —  y*6'' 

7, '2-  9/2.' 

7000' 

- 

— 

3395.370 

1  5/2-  1:2 

.  2»:io 

— 

— 

2H 

4121.318 

a*F  —  in;® 

1  7/2—  9  2 

3170 

101  ■ 

100 

4118.774 

5/2-  7/2 

3250 1 

77.1 

76.9 

29 

4092..386 

a*F  —  iV'^ 

;  7/2-  7/2 

6.30 

100 

100 

4110.532 

5/2-  5  2 

583 

7',.1 

69.4 

31 

3995.306 

alf— 

1  7/2-  9/2 

4950' 

- 

- 

32 

.39:15.964 

a*F  —  y*F° 

1  7  2  —  9.  2 

I0.i0 

'  - 

— 

3997.901 

1 

]  5/2-  7/2 

1370 

- 

— 

33 

3812.047 

1  a*F  — 1*/>® 

7,2  —  5'2 

i:U)0 

- 

1  - 

34 

-3845.468 

1  alf  _  y*G' 

i  7,2-  9/2 

1  71901  10' 

!  100 

3894.073 

1  5/2—  7/2 

jl  9300 

77.1 

1  97.0 

3745.491 

i  7/2-  7/2 

1 

1  ..9  1  14.6 

35 

.3569.370 

fltf  _y*/ro 

7/2-  7/2 

14200 

10(1 

100 

:i587.i86 

5,2-  5/2 

14800 

7  7.1 

1  78.2 

3704.060 

1 

.5/2-  7/2 

1590 

:;.7 

8.4 

36 

3489.399 

j  a*F  -  y*0^ 

7  2  -  5,2 

11000 

lOO 

too 

3518.340 

\ 

.5,2-  3  2 

11200 

70 

76.4 

-  86  - 


Tabl*  27.  ItelAtlvv  OsetUatoir  Strwngths  for 


Zn  I  XilMi  [41] 


Hi) 


'isin.r.^l 

'i722.ni 

'ifl.'tO.U 

.i3iri.r.7  • 
334.').02 
33(I2.!)A 
3302..'i!l 
3232.33 
2Sl)  .17  • 
2.101,11(1  • 
2.100.17 
2770.UH  • 
2770J<7 
27&(i.4S 


rr»o«i- 

tloe 

j 

•xp. 

gf  * 
thoor 

4a;'-8-V 

2.1 

- 

1 

I.ON 

540 

.  1 

M 

I.INi 

313 

803 

0--1 

I.IMl 

too 

100 

4V~4’/3 

2-1 

U.<i3 

1.2 

1.2 

2-2 

(i.M 

.  I7.« 

IT.O 

2-3 

2>:. 

100 

100 

1— t 

0.7;. 

I.MI 

17,4 

1-2 

2.'l!l 

hU 

hi 

0—1 

m 

22.B 

i*p  ~  6tZ) 

2—1 

().0t><l 

1.2 

1.3 

2-2 

O.l". 

174 

17.0 

2—3  • 

0.7-'. 

100 

100 

,  1—1 

0.22 

174 

174 

1-2 

0.0)'. 

»34 

624 

0-1 

U.1 

234 

- .. 

.  -  .IP.—. 

.  •  *  .  n 

.  - 

*  CAleulatod  on  th«  Msuniptioa  of  IS  eoupliag. 


Tabl*  28.  Rolitivo  OoeiUator  Strongtlu  for  oom  Cd  I  Umo  [4I] 


iJ 

i  i 
1 

rransi- 

tlon 

1 

i 

f 

sf 

exp. 

gf  » 
theor 

508.'...S2 

.VP  -  6»J 

2-1 

1.0.1 

.515 

.400 

471lii.‘.)2 

1— t 

l.oi 

321 

310 

407.1. 1«j 

,  0-1 

1.00 

100 

100 

3014.4:1  • 

5V  -  oat 

2-1 

0.(i.i 

1.2 

1.2 

.3lil2..lO 

2-2 

0..53 

19.V 

t7.'.( 

3010.51 

2-3 

2.tUi 

100 

too 

3407.00 

1—1 

O.Oo 

»}.3 

10. 3 

340040 

1-2 

2.WI  ■  1 

60.0 

4|t.T 

340:t.H8 

0-1  ! 

.3.10 

234 

21.2 

290I.OK* 

5*P-6»i» 

2-1 

o.ol  j 

14 

u 

2fl6l..34« 

2—2  1 

^18  1 

17.4 

17.5 

2a«i.«3 

2-3 

a8i» 

100 

100 

2{|i>l.33* 

1  — 1 

0J& 

10.0 

iHi; 

2800.77 

1-2 

1  0** 

474 

49.7 

2836.91 

0-1 

1  ' 

i 

184 

i 

21.0 

*  Cftloulitod  on  tbm  usvaption  of  Ifl  eou^Uag. 
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Table  29,  Relative  OeciUator  Strer^hs  of, 
Ba  I  Lines  [42] 


»* 

* 

mM- 

1 

1 

l-l 

J 

X(A) 

t 

^**4 

T 

ftl# 

-Pi* 

^1 

Oino 

IftllJft 

am 

1  ^ 

j 

Pi 

ib-l 

OOQO 

ftMft.4M 

ma 

1 

PS 

-•ft*  to* 

n~i 

OflOft 

4111.41 

•a 

u 

Pi 

-ftft**^ 

0-1 

0000 

earns  ee 

an 

ft-4 

l.lft 

TQAft.MI 

m 

i.»\ 

'  100.1 

I.U 

1MJM 

m 

:v. 

M 

ft 

Pi 

-MftdT 

1-1 

1.11 

ItltOftl 

m 

— 

11 /I 

a-3 

l.lft 

imaa 

UA 

ft.** 

'  iX* 

i-i 

1.14 

nfto.4ift 

114 

— 

10.1 

11.1 

"T-ft 

l.lft 

Ml 

1*0 

.  104 

2-1 

1.14 

•.M1.111 

aft 

— 

4.2 

4SJ1 

1-1 

1.11 

aft 

.. 

.17.:* 

'  144 

• 

PS 

-ftftift*0> 

1-1 

l.lft 

•llftljlt 

Oft.S 

11.1  i  a4 

1-1 

1.14 

mum 

004 

— 

1U 

114 

1-1 

i.l4 

•Oft 

•• 

t  M.O 

1  10.1 

1-2 

l.tl 

0410014 

114 

— 

U.» 

1 

1-1 

l.lft 

4110.101 

ao 

140 

I'A 

1  010 

1-1 

1.14 

ftOAXtlt 

va 

111 

4.1 

50.1 

1 

Pi 

-%is§ii* 

1-0 

1-1 

111 

1.14 

«»lft.4’X> 

ftftItOftft 

lift 

•74 

110 

iXi 

11.1 

144 

144 

1-1 

t.ll 

mtam 

IS1 

140 

11.2 

m 

1-1 

1.11 

fttOIOft 

••4 

— 

... 

xo 

1-4 

l.lft 

l•ft3.4Al 

101 

141 

t>4) 

[ 

1-1 

1.14 

lSlft.111 

•OJ 

>.7.1 

•1.1 

1 

pa 

~pi* 

1-1 

1.11 

noft.ftio 

lift 

Oft.4 

-.44 

41.1 

1-S 

l.lft 

111 

_ 

a..v 

114 

2-1 

1.14 

3M7.tno 

tS4 

N.A 

1U..V 

111 

pa 

1-1 

1-3 

i.il 

l.lft 

iim-ii 

141112 

IM 

o.a 

- 

_ 

IV 

pa 

-Pi* 

3-1 

l.lft 

ftOQftOft 

11.1 

- 

- 

- 

1-1 

1.14 

4Mi.in 

Uft 

— 

lie 

H-* 

V 

pa 

-7ft*^ 

t-0 

1-1 

t.ll 

1.14 

4ftM.ftft 

4«aui 

X10 

14ft 

i.Xt 

sxo 

22.4 

1-2 

l.lft 

40TXU 

am 

— 

l<4/ 

•0.7 

VI 

pa 

1-1 

1.41 

ft0lft.1t 

VII 

PO 

1-J 

1.41 

ft4ttftt 

MS 

— 

VIII 

ft'O 

-•*f* 

1-1 

1.41 

tm 

la 

— 

IX 

PO 

-i\i* 

1-1 

U1 

4111.4ft 

p.a 

H* 

— 

X 

pa 

1-1 

141 

4mii 

la 

— 

— 

ft 

Pi* 

-*•*  i 

1-1 

1-1 

IJT 

ijr 

1171  oa 

MOOllft 

•ft!*' 

ISl 

1t» 

IIU> 

•ft.1 

22.1 

1-1 

IftOft.lSl 

223 

I'D 

•4 

10 

Pi* 

-TV 

1-1 

tM 

iaa.411 

Ifti 

.V2.4 

•l.ft 

0-1 

1.11 

iitftaft 

2M 

— 

i4i» 

204 

XI 

Pi* 

-M,  ( 

0-1 

1-1 

1.11 

IJft 

40l»ft7l 

41Q0.44 

104 

4ft.T 

30.7 

<s> 

224 

ftOlO 

XII 

Pi* 

-VO  1 

1-1 

1-1 

1.M 

IJT 

440U1 

417»01 

214 

2ft4 

"Z 

1-1 

1i« 

050.111 

lift 

ftlO 

na 

0-1 

Ul 

4411  .W 

ftll 

- 

2.1.1. 

PA 

XIII 

Pi* 

-•ft*  aft 

1-1 

1-1 

\M 

Ml 

4ftUft.ftl 

4ftaj4 

wa 

%m 

IVJ* 

I't/ 

ao 

S1.J 

1-0 

\M 

4ft71Jft 

m 

- 

21.1 

2tft 

1-1 

Ml 

mpMS 

2Bft 

- 

iSm 

»0 

XIV 

Pi* 

-•ftiV 

1-0 

l.*0 

4SM.1» 

ms 

_  1 

1 

— 

XV 

1-3 

1 

414201 

taa 

-  1 

11.0 

.IM 

Pi* 

-u*o 

1-1 

1. 

ita.ift 

114 

1l»  1 

AM 

1 

3-1 

10/ 

440ft  JS 

104 

t*l.t>  • 

7tt.4 

1 

1-1 

101 

44«l.ft1 

112 

ino  , 

ftO.4 

XM 

3-2 

l.ftT 

441101 

ft04 

ij.**  * 

01.4 

Pi* 

-  Tao  1 

«-»  1 

IJl 

41MJft 

100 

21-.  I 

iXft 

j  1-1  , 

IJO 

4IIXH1 

PA 

10.1 

100 

1 

i  1-1 

f..V 

4iiia» 

4ft4 

— 

1 

Ma 

XVII 

-ftftac 

t  »~i  1 

101 

40tl.ll 

114 

XVtti 

•M- 

-  Vft 

2  -1  1 

f.f1 

4Mft1 

na 

- 

-  . 

- 

Arabic  numerals  represent  multi" 
plet  numbers  froa  Moore  tables; 
Roaan  niaserals  represent  multi- 
plet  nimibere  deAved  from  Ba 
spectral  lines  using  Moore's 
data  for  energy  levels. 

Calculated,  by  A.  Krulthof  • 


LS  coupling. 


88 


Tible  30.  Absolute  f-Values  for  the  p*-pB  Transitions  of  Fb  I  [43] 


I  Transl- 


f 

X 

(k)\ 

tlon 

' 

1 

p‘  i 

1 

2833 

‘P» 

•P, 

3630 

4057 

7229 

17180 

'•f. 

3683 

•F. 

2022 

•P» 

'P, 

2401 

2577 

•P, 

3572 

'D, 

5005 

'■y. 

2476 

•P, 

2G63 

*F. 

3739 

1  'D, 

Rein- 

tlve 

Inten-' 

slty 

1 

10 

0,(i 

6,5i.i0,: 

0.28 

24.2±1.2 

0,8.-. 

l,4±n.8 

0,l!» 

11. < 

o./,y 

(1) 

10 

0,1)9 

24.1±1,7 

0,16 

55,5f8.3 

0,08 

(5.5) 

10 

0,32 

28.0±1.K 

0,6.'> 

I6,4fl.8 

1.08 

Tahle  31.  Absolute  f-Values  for  the  p»-p8  Transitions  of  Sn  I  [43] 


1 

(A) 

Trans 1- 
tlon  _ 

p'  j  P» 

Rvls- 

CXv« 

Inten¬ 

sity 

/ 

2863 

’P* 

•p, 

10 

1,15 

300«» 

•P, 

7,C±0.5 

0,33 

3175 

•P, 

I7,n±i,i 

0,56 

3801 

•D, 

3,93±0,5 

0,21 

5631 

'S, 

0.075  ±0,OS,'. 

0,066 

3034 

•P 

•p» 

12 

0,315 

2540 

•P, 

'p. 

10 

0,27 

2661 

‘P, 

Or-U  3 

0,063 

2790 

•P» 

3262 

92.5x10 

1,08 

,  4524 

’■y. 

4.7±1,2 

0.71 

'  2700 

•Px 

•p» 

10 

0,4 

2839 

’p. 

22,8±l,4 

o.g;: 

3330 

■o. 

* 

'2,13±0,32 

0,00( 
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*  OBClllator  strength  of  tb«  doublet  was  not  independently 

neasured. 

**  Neaaiired  by  Oatrovakly  and  Penkln. 

+  Calculated  in  the  Couloib  approxiaatlan. 

■H-  Caloulated  by  the  aeaia^pirlcal  nethod  of  Vayixshteyn. 
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Ta'ble  3?*  Absolute  Oscillator  Strengths  tar  Rescnanee  Lines 
at  Ca  I,  Sr  I,  and  Ba  I  [46] 


^  . 

'  1 

I 

X  (A) 

f 

Ca  I 

4226.73 

1.49  -  0.04 

Sr  I 

4607 

1.54  -  0.05 

Ba  I 

5535 

1.40  -  0.03 

Table  34*  Absolute  Oscillator  Strengths  for  Resonance  Lines 
of  Ca  II,  Sr 'll,  and  Ba  II  [46] 


I 

1 

X(A.) 

f 

1  ‘ 

Ca  II 

3955.67 

0.84 

Ca  II 

5968.47 

0.43 

Sr  II 

4077.71 

0.76 

Sr  II 

4215.52 

0.39 

Ba  n 

4554.04 

0.66 

Ba  11 

4934.09 

0.35 

-  91  - 


Table  35.  Absolute  and  Relative  f-Values  of  the  Principal 
Series  (nB*iS^  -  nsmpiP°^) 


No.  ♦  ] 

1 

*  (  ')  I 

F rel ^  abs# 

‘  •  (V) 

'rel. 

e 

Cl 

i 

4607.33 

5 

lOlK) 

1..54 

:..'.:i5.48 

0 

KXtO  1 

1.40 

2 

2031.83 

6 

3.40 

0.005'.' 

.071. .58 

7 

100 

0.1. 5:i 

3 

2569.47 

7 

'  7.1.5 

O.ollo 

27S5.28 

8 

6.2 

0.0087 

4 

2428.09 

8 

20.9 

0.03'J 

:646..50 

9 

2.22 

o.oo;ii 

't 

23.S4.32 

0 

22.3 

o.o:t4 

;'.Vi3.2 

10 

7.4 

0.010 

6 

2307.32 

10 

13.1 

0.020  < 

;'.'MI().2 

11 

2.7 

o.(io:$8 

7 

227.S.29 

11 

8.2 

0.01:1 

.'473.20 

12 

0.98 

0.0014 

8 

2253.32 

12 

4.7 

0.0073 

452.38 

13 

0.11 

0.0001.5 

9 

2237.6.S 

13 

2.8 

0.001:1 

24:18.81 

14 

0.21 

0.00025' 

10 

2226.38 

14 

1.90 

0.0031 

;;427  43 

15 

1.30 

0.0018 

11 

2217.8 

15 

1.34 

0.00'21 

;!'.20.ll 

16 

0.42 

0.00o5!i 

12 

2211.3 

16 

1.16 

0.0017 

;!4t4.10 

17 

0.19 

0.00027 

13 

2206.2 

17 

0.81 

0.0012 

21011.25 

18 

0.10 

0.0001:. 

*  Viaber  of  thi 

1  seriei 

B  men 

ber. 

i 

**  Principal  quentini  nvaber  of  the  upper  level. 

Table  36.  Absolute  and  Relative  f>Values  of  Ba  I  Spectral 
Lines  for  6sa  -  5dap  Transitions  [47] 


_ 

•1:15.43 

:iS,sfl.3,T 

;'7u2.ri3 

:''.32.54 

4 132.43 
273<J.24 
2t44.64 

:i.50l.1t 

2.')9ri.64 

2454.07 

^Principal  iiuantun 


‘''erles 


1 

•  *n 


rel. 


abs. 


6.*>5o— 

5 

lUOO  ' 

1.4 

1 

k  ( 

6 

■«.3  1 

0.0088 

1  S$*>S,-bdmp»P"  1 

7 

5.1  1 

0.W)7l 

,8 

1.59  1 

0.0022 

1  ( 

6 

6.22 

0.0087 

7 

1.94  , 

0.«)27 

8 

0.97 

0.0014 

||  6tttS9-bdmpU’°^  1 

6 

7 

102  ' 

22.2  j 

00 

j  6»*»5»-5«liFi/»/»yri') 

4 

0.096  1 

0.0001 

nusber  of  the  upper 

level. 
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Table  37.  Relative  f-Valuea*  of  Mg  I  Lines  for  ‘*P°o.i,8  "  '*S»  and 
*1^0;  a  -  Tranations  [47] 


»  (1) 

Iranai- 

tlon 

J 

acp 

h 

e 

0 

‘ 

Ti 

51 83.80 

2-1 

100 

100 

100 

5172.68 

}  3ip*-4fs  { 

1—1 

100 

60 

60 

5167J2 

I  1 

0-1 

100 

20 

20 

3838.29 

2—3 

460 

100 

lOO 

2-2 

3832.30 

3*P*-3*/) 

2—1 

1-2 

450 

62.8 

60 

1—1 

3829.35 

0—1 

410 

19.1 

20 

3096.90 

2-3 

83 

91.3 

too 

2-2 

.3092.99 

3*P»-4»D 

2—1 

1—2 

87 

57.4 

60 

1  —  1 

3091.08 

. 

0-1 

106 

23.3 

20 

2736.56 

2-3 

22 

2779.83* 

2—2 

280 

100 

100 

2779.83* 

1—1 

94 

20 

20 

278Z97 

2781.42 

2-1 

1-0 

99 

126 

35.0 

26.7 

33..3 

26.7 

2778.99 

1—2 

160 

34.6 

33.3 

27(8.28 

* 

0—1 

350 

24.5 

26.7 

•Calculated  on  the  aaaumption  that  the  intensity  rule  holds  true 
for  the  oultiplet* 

••Calculated  from  data  of  condon  and  Shortley  on  the  assumption  of 
LS  coupling. 
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Taibl*  38.  Absolute  f*Velues  of  Sr  I  Lines  for  Trsnsltlons  From 


*  CsloulAted  fron  data  of  Condoa  and  Shortley  on  tbe  assvasptloD 
of  IS  coupling. 
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Table  39 •  Relative  Oaoillator  Strengths  [49] 


m 

B 

X, 

g 

V  ca'^ 

4  t 

g 

Cal 

Mgl 

2 

Sell 

1 

4226,7 

2.44 

12 

7 

«71.1 

-0,60; 

5 

3 

4246,8 

2,10 

15 

2 

6162,2 

2,82 

5 

8 

5183.6 

5,32 

5 

6122,2 

2,61 

5 

3988,1 

0,33 

4 

5172.7 

5,12 

5 

8102,7 

2,03 

2 

14 

3 

4 

4374,4 

1.59 

12 

3838,3 

5,81 

3 

4454,8 

2,93 

3 

4400,3 

1,39 

11 

3832.3 

5,53 

5 

4435,0 

2,70 

7 

4415,6 

1,16 

10 

3829.4 

5,20 

5 

4425,4 

2,30 

12 

4420,7 

-0,46 

3 

8 

4455,9 

2,41 

7 

4431,4 

0,06 

5 

5711.1 

4,12 

3 

4435,7 

2,49 

10 

4354,6 

0,22 

7 

9 

5 

15 

5528.4 

5,77 

5 

4302,5 

2,84 

9 

4314,1 

2,05 

8 

10 

4318,8 

2,25 

6 

4320,7 

2,13 

7 

4730,0 

3,60: 

5 

4283,0 

2,48 

12 

4325,0 

1,70 

8 

11 

18 

4294,8 

0,97 

6 

4703,0 

5,82 

7 

6439,1 

3,10: 

5 

19 

15 

6462,6 

3,20 

2 

6604,6 

0,67 

3 

4167,3 

5,60 

9 

6493,8 

2,56 

5 

23 

16 

6471,8 

1,59 

3 

5031,0 

1,33 

3 

«)57,5 

5,99 

8 

RiOQ 

1,55 

3 

28 

17 

20 

5239,8 

1,10 

3 

3986,8 

5.43 

7 

6166,4 

1.31 

3 

28 

21 

6320,8 

-0,01 

3 

Mg  11 

5ri88,8 

3,04 

3 

29 

4 

559-5,5 

2,71 

.  3 

5667,2  - 

0,77 

- 

4481,3 

8,51 

9 

5601,3 

2,52 

5 

5669,0 

0,83 

3 

9 

5!i82,() 

2.16: 

5 

31 

4334,0 

6,64 

6 

5990,1 

1,80 

3 

5526,8 

1.49 

5 

4428,0 

6,83 

9 

22 

10 

5262,2 

2,98 

2 

Til 

4390,6 

7,45 

6 

5260,4 

0,91 

3 

3 

4384,7 

6,97 

4 

23 

5426,8 

-2,82 

3 

19 

4585,9 

2,46 

5 

4 

4436,5 

7,85 

4 

4578,6 

2,20 

7 

5210,4 

-0,86 

3 

25 

5173,7 

-1,29 

3 

Si  1 

4004,9 

2,69 

3 

5219,7 

-2,10 

3 

1 

32 

5147,5 

-1.91 

3 

3856,0 

6,12 

4 

6717,7 

2,43 

3 

5 

3862,6 

5,80 

5 

37 

5064,6 

-0,99 

3 

2 

4355,1 

2,39 

6 

5040,0 

-1,26 

3 

6347,1 

5,86 

5 

39 

6 

6371,4 

5,37 

5 

41(».6 

1,64 

3 

4656,5 

-1,30 

3 

3 

46 

4715,3 

-2,51 

3 

4128,0 

7,02 

4 

5867,6 

2,10 

3 

4693,7 

-2,40 

3 

4130,6 

7,12 

4 

48 

7 

5513,0 

2,22 

3 

4562,6 

-2,51 

3 

51 

12 

4686,3 

2,25: 

5 

«eAAQ  A 

0,20 

5 

-  95  - 

Table  39  (Cent.) 


\  CEl"^ 

KfA 

K 

1 

K 

4  Oil 

*  f 

r 

38 

107 

4961,7 

0,67 

3 

5490,2 

-0,70 

3 

233 

sote.i 

-0,55 

3 

109 

4759,3 

0,73 

s 

5022,9 

-0,43 

3 

5113,5 

-0,54 

3 

4758,1 

0,71 

5 

5024,8 

3 

110 

4742,8 

0,45 

3 

42 

5071,5 

-0,52 

3 

236 

4533,2 

0,65 

5 

113 

6091,2 

0,00 

3 

4534,8 

0,17; 

5 

4457,4 

0,62: 

3 

240 

4535,0 

0,11 

4 

4453,3 

0,04 

1 

5644,1 

0,39 

) 

4555,5 

-0,40 

4 

4482,7 

-0,22 

1 

249 

4548,8 

-0,38 

3 

4474,8 

0,05 

1 

5675,4 

0,75 

3 

4512,7 

-0,44 

4 

126 

250 

4518,0 

-0,26 

4 

4820,4 

-0,10 

3 

4827,6 

0,18 

3 

43 

129 

252 

4326,4 

-0,97 

3 

4186,1 

.-0,12 

1 

4261,8 

0,35 

1 

44 

145 

259 

4301,1 

—0,19 

1 

4617,3 

0.41 

5 

5429,1 

0,06 

3 

4298,7 

—0,09 

2  1 

4623,1 

0,28 

3 

287 

4295,8 

-0,48 

1 

4638,4 

0,04 

4 

5503,9 

0,42 

3 

4287,4 

-0,40 

5 

4639,9 

-0,02 

1 

288 

4286,0 

-0,25 

2 

4650,0 

-0,32 

4 

5120,4 

0,86 

3 

4289,1 

-0,39: 

3 

4645,2 

-0,31 

4 

309 

4290,9 

0,13 

2 

146 

5774.0 

0,99 

3 

4272,4 

-0,96 

1 

4479,7 

0,02 

2 

5788,3 

0,88 

3 

48 

4465,8 

0,47 

2 

6743,1 

-1,47 

3 

154 

Ti  11 

49 

5069,6 

-0,12 

3 

11 

6599,1 

-1,73 

3 

5978,5 

-0,22 

3 

3987,6 

-1,03 

4 

53 

46 

157 

4025,1 

0,17 

4 

4840,9 

-0,48 

3 

4885,1 

0,50 

3 

4056,2 

-0,94 

2 

56 

4913,6 

0.41 

3 

12 

3804,8 

0,80 

2 

170 

3813,4 

0,25 

5 

69 

4449,1 

0,69 

3 

18 

6126,3 

-1  11 

3 

4050,9 

0,47 

4 

4489,2 

0,09 

1 

72 

162 

4493,5 

-0,92 

5 

jta6,s 

-0,71 

3 

4263,1 

0,41 

1 

19 

77 

173 

4395,0 

1.42 

16 

4675,1 

-0,76 

3 

5001,0 

0,31 

3 

4443,8 

1.21 

IS 

80 

4973,1 

0,50 

3 

4450,5 

0,68 

14 

4060,3 

-0,53 

4 

199 

20 

102 

5052,9 

0,13 

3 

4294,1 

0,82 

1 

6556,1 

-0,91 

3 

218 

4287,9 

0,51 

'  7 

6554,2 

-0,96 

3 

4404,3 

0,14 

1 

30 

104 

228 

4.506  7 

-1.40 

2 

6258,7 

-0,27 

3 

5739,5 

0,40 

3 

4545! 1 

-0,38 

6 

6258,1 

-0,17 

3 

5740,1 

0,54 

3 

31 

6261,1 

-0,34 

3 

231 

4468,5 

1,25 

U 

6312,2 

-1,27 

3 

4870,1 

0,61 

3 

450  i 

1,23 

16 

1  4868,3 

0.46 

3 

4444,8 

0,17 

3 

-  96  •• 


fable  39  (Cont.) 


X 

lf«/4 

«  1 

-1 

x.om 

■ 

-1 

«  cm 
^  • 

lf#/X 

G 

70 

34 

5154,1 

0,25 

3 

6199,2 

-2,41 

3 

3900,5 

1,76 

7 

82 

6216,4 

-1.74 

3 

3913,5 

1,58 

10 

4572,0 

1,79 

14 

20 

3932,0 

0,99 

4 

4529,5 

0,61 

14 

6150,1 

—2,28 

3 

35 

86 

22 

4536,3 

-1,06 

3 

5129,1 

1,10 

-  2 

4379,2 

0,13 

5 

4665,7 

-0,16 

1 

5185,9 

0,57 

5 

4390,0 

-0,05 

5 

39 

87 

4406,6 

-0,36 

5 

4583,4 

-0,49 

2 

4028,3 

1,38 

16 

27 

40 

4053,8 

1,51 

■  1 

4111,8 

0,06 

7 

4441,7 

0,00 

7 

91 

4128,1 

’  -0.28 

3 

4470,9 

0,22 

7 

6491,6 

0,13 

3 

4099,8 

-0,55 

3 

4495,5 

0,19 

1 

6559,6 

-0,22 

3 

28 

4417,7 

0,85 

13 

6607,1 

-0,68 

3 

3803,5 

-1,10- 

3 

4464,5 

0,67 

1 

92 

3822,9 

—^,26 

3 

41 

4805,1 

1,40 

7 

34 

4300.1 

1,55 

12 

4780,0  ' 

0,59 

7 

6090,2 

'  -0,83 

3 

4290.2 

1,24 

6 

93 

6039,7 

-1,43 

3 

4301,9 

1.14 

13 

4374,8 

1,48 

1 

6081,4 

-1,36 

3 

4312,9 

1,00 

9 

4422,0 

0,64 

16 

6111,6 

-1,44 

3 

4315,0 

1,19 

1 

94 

35 

4330,7 

-0,52 

6 

4316,8 

0,52 

13 

5703,6 

-0,93 

3 

49 

4337,3 

1,29 

4 

5737,0 

-1,37 

3 

4706.7 

-0,49 

5 

4330,3 

0,60 

3 

87 

50 

103 

4452,0 

-0,02 

3 

4534,0 

1,78 

4 

5211,5 

0,66 

2 

4469,7 

—4),  13 

3 

4563,8 

1,32 

15 

104 

' 

4590,0 

0,34 

3 

4367.7 

1,49 

4 

V  Jl 

* 

51 

4386,9 

1.44 

10 

9 

4400,0 

.  0,92 

9 

105 

4036,8 

1,40 

12 

4394,1 

0,51 

14 

4163,6 

2,06 

7 

4002,9 

1,73 

7 

4418,3 

0,33 

10 

4171,9 

2,00 

6 

10 

4407,7 

-0,03 

6 

4174,1 

1.35 

1 

3951,9  . 

2,21 

5 

59 

106 

3918,1 

2.28 

5 

719,5 

0,50 

1 

4064,2 

0,90 

1 

3929,7 

1.63 

3 

) 

113 

24 

544,0 

-0,51; 

4 

5010,2 

1.12 

3 

4234,2 

0,86 

3 

4580,5 

0,21 

1  • 

114 

25 

4524,7 

0,41 

1 

4911,2 

1,43 

3 

4178,4 

1.22 

2 

1568,3 

—0.71: 

4 

4874,0 

1,68 

3 

32 

31 

115 

4005,7 

2,79 

7 

4395,8 

0,15: 

12 

4486,3 

1.99 

14 

4023,4 

2,48 

10 

4409,5 

0,19 

7 

4411,1 

l.» 

7 

4035,6 

2,40 

6 

4411,9 

-0,21 

9 

4456,6 

1.51 

1 

4038,8 

1.22 

2 

4423,3 

-0,37 

1 

37 

69 

VI 

4183,4 

2,17 

15 

5336,8 

0,11 

3 

6 

4225,2 

2,77 

4 

5381,0 

-0.08 

5 

3862,2 

-2,69 

3 

66 

5418,8 

5 

19 

4564,6 

2,47 

2 

6243,1 

-1.71 

3 

97 


Table  39  (Cont.) 


199 

4453,3 

3,06 

215 

4065,1 

3,22 

225 

4232,1 

3,44 

Crl 

1 

4254,4 

1,21 

4274,8 

0,96 

4289,7 

0,77: 

7 

5206,4 

1.64 

5206,0 

1,63: 

9 

4942,5 

0,15 

10 

4546,0 

0,20 

18 

5409,8 

0,93: 

5296,7 

0,34 

.‘>348,3 

0,34 

.5300,8 

-0,46 

5247,6 

•^,14 

21 

4646,2 

0,65 

4652,2 

0,58 

4651,3 

0.11 

4600,8 

0,53 

4616,1 

0,30 

4626,2 

0,19 

4591,4 

0,12 

22 

4351,0 

0.56 

33 

4530,8 

1,53 

4540,5 

1.66 

4544,7 

1.28 

4.')41,1 

0,74 

35 

4126,5 

1,16 

4153,1 

0,19 

38 

3963,7 

2,76 

3991,1 

1.91 

62 

4697,1 

1.19: 

69 

3657,6 

6,40 

26 

4179.4 

4072.6 

4207.4 

4132.4 

30 

4648.2 

4676.4 

4864.6 

4812.4 

31 

4242.4 
4261,9 

4275.6 

4264.2 

4252.6 

4269.3 
37 

4318.8 
39 

4530.6 

4565.6 

43 

5237.3 

5334.9 

5306.4 

5310.7 

5313.6 

44 

4556.7 
4588,2 
4616,6 

4634.1 
4555,0 

4592.1 

4616.6 

4589.9 
SO 

5503.2 

5506.6 
127 

4204.7 
126 

3936.9 

129 

39U,4 

3930.9 

130 

3666.8 
3966,0 


2,81 

1 

2,59 

1 

2,27 

10 

2,35 

1 

2,92 

2 

2.83 

2 

2,25. 

3 

2,24 

7 

3.11 

8 

3,02 

16 

2,74 

11 

2,62 

9 

2,53 

13 

2,63 

4 

1,51 

1 

2,32 

1 

2,64 

4 

3,10 

5 

2,75 

5 

2,28 

3 

1,90 

3 

2,31 

3 

3,79 

14 

3,50 

16 

3,27 

7 

3.14 

U 

2.96 

16 

2.96 

16 

2.85 

16 

2,89 

1 

3,68 

3 

3,83 

3 

1.49 

1 

2,77 

1 

3,31 

1 

2.47 

1 

2.88 

1 

2.84 

1 

Table  39  (Cent . ) 


■■RBI 

< 

8 

wm 

lf«74 

a 

•  P 

ICC14 

8 

1«2 

3»45,i  a.ie  1 

161 

4195.4  3,47  1 

162 

4145.7  3,53  5 

4224.8  3,23  1 

4200,0  3,18  1 

163 

4135.7  2,47  1 

4185.5  2,61  1 

4151,0  3,37  1 

165 

4082.3  3,00  1 

166 

/•018,0  2,83  1 

167 

3865.6  4,t3  1 

177 

4607.6  3,23  1 

178 

4715.1  3,71  1 

4671.3  3,01  1 

179 

4162.9  3,38  1 

180 

4209.8  3,03  1 

4222,0  3,01  1 

181 

4127.1  3,80  1 

4170.9  3,75  1 

182 

4048,0  3,3U  1 

4056.1  3,35  1 

183 

4012,5  3,88  1 

4022.4  3,73  1 

191 

4465.8  3,78  1 

192 

4256.1  4.15  1 

4288.9  3,73  1 

193 

4040.1  4,41  1 

4070.9  4,13  1 

194 

4038,0  4,71  i 

4001,3  4,U  1 


Mnl 

2 

4030,8 

1,67 

5 

4033,1 

1,40 

9 

4034,5 

0,07 

12 

4 

5470,6 

0,59 

3 

5518,8 

0,53 

3 

5 

4041,4 

2,66 

9 

4055,5 

2,44 

12 

4082,9 

2,80 

2 

16 

4823,5 

2,82 

,  4 

4783,4 

2.71 

5 

4754,0 

2,48 

7 

21 

4782,4 

2,88 

5 

4766,4 

2.56 

3 

4765,6 

2,14 

3 

4761,5 

2,07 

3 

4700.7 

l.M 

3 

4730,1 

1,86: 

4 

22 

4470,1 

1,72 

3 

4472,8 

2,40 

1 

4436,4 

2,00 

3 

4453,0 

1.08 

3 

4502,2 

1.02 

6 

4496,0 

1,70 

3 

23 

4235,3  . 

2,33 

1 

4230,7 

2,02 

1 

4265,9 

1.06 

4 

27 

6021.8 

2,35 

3 

6016,6 

2,30 

3 

6013,5 

2,01 

3 

29 

4001,7 

2,13 

3 

4060,4 

1.08 

5 

42 

5377,6 

2,32 

3 

Mall  . 

5 

4755,7 

0.12 

2 

4710,4 

5,21 

1 

4727.0 

5.30 

1 

6 


4292,2 

5.41 

3 

4263,8 

5,06 

3 

7 

4206,4 

5,66 

8 

4256,2 

5.64 

1 

4253,0 

5.34 

1 

42U,3 

5.14 

3 

17 

4510,2 

10,40 

2 

Fel 

1 

5166,3 

-0,38 

3 

5110,4 

-0,04 

3 

2 

4375,9 

0,50 

10 

4427,3 

0,88 

7 

4482,2 

1.56 

4 

4466,7 

-0,30 

7 

4347,2 

-1,73 

3 

4386,2 

-1.11 

5 

3 

4216,2 

0,30 

9 

4206,7 

-0,13 

7 

4200,0 

-0,54 

2 

4291,5 

—0,46 

.  5 

4 

3859,9 

2,36 

7 

3866,3 

i.ao 

4 

3869,7 

1.68 

7 

3906,5 

1,50: 

5 

3824,4 

2.00: 

5 

3856,4 

2,04 

8 

3865,7 

1,46 

3 

3922,9 

l.M 

10 

3030,3 

2,15 

13 

3927,0 

2,04 

10 

3020,3 

».» 

11 

15 

5260,5 

2,40; 

5 

5371,5 

1.81 

3 

5405,8 

1,82 

5 

54.14,5 

1.41 

5 

53U7.1 

1.60 

5 

5429,7 

1.01 

5  . 

5440,9 

l.M 

5 

5500,8 

0,00 

5 

5407,5 

IJM 

5 

99 


Tab].«  39  (Cent . ) 


n 

g  p 

D: 

BH 

8 

18 

5083,3 

0,53 

a 

5123,7 

0,58 

2 

4930,7 

0.43 

3 

4894.1 

0,50 

3 

5127.4 

0,35 

3 

5150,8 

0,80 

a 

5151.9 

0,81 

a 

18 

4100,7 

0,98 

a 

4152,2 

1J8: 

4 

4139,9 

0,29 

5 

19 

4174,0  . 

1,08 

12 

20 

1  • 

3820,4 

3,38 

5 

3825,9 

3,12 

5 

3834,2 

3,17 

a 

3840,4 

3,78. 

5 

3850,0 

2,77 

3 

3887,0 

3.05  . 

7 

3878,0  ' 

3.79 

7 

3872,5 

3.88 

7 

3885.5 

3,50 

a 

3940,8 

3,29 

1 

3917,3 

3.08 

4 

22 

3813,0 

3.38 

3 

3850,8 

3,47 

7 

3878,0 

1,23 

2 

35 

5171,8  . 

.  1.88 

a 

5218,3 

1.53 

5 

5332,9 

0.85 

a 

5307,4 

1.30 

5 

38 

4733,8 

0.98 

2 

39 

4902.8 

.  1.50 

4531.1 

1.88 

4 

4582,7 

1.54 

2 

4832,8 

1.31 

2 

4802,0 

0.87 

5 

41 

43n,8 

3.51 

18 

4404,5 

3,37 

18 

4415,1 

3.17 

U 

4337,0 

1.10 

U 

43N,5 

1.57 

3 

42 

4271.8 

4325.8 
4202,0 

4250.8 

4147.7 
41 

4045.8 

4063.7 
.  4071,7 

4005.2 
4143,0 

4132.1 

44 

4132.9 

45 

3815.8 

3827.8 
3841,0 
82 

8430.8 

8335.3 

8297.8 

8285.1 

8219.3 

8213.4 

8151.8 

8173.3 
88 

5145.1 

5250.8 

5188.7 

88 

4528.8 

4484.8 

4459.1 

4442.3 

4447,7 

4430.6 

71 

4282.4 

4315.1 

4352.7 

72 

4001.7 

3877.7 

3849.9 

4008.7 

73 

3852.8  2,89  7 


3807,5 

3,11: 

5 

111 

... 

8421,4 

1.91 

5 

8750,2 

1.07 

3 

8254,3 

114 

1.91 

3 

5048,8 

2,54 

3 

4924,8 

1.98 

3 

5141,8 

115 

1.95 

3 

4830,1  , 

2.08, 

5 

4574,7 

118 

3.21 

1 

4436,9 

117 

1.33 

3 

4047,3 

120 

0,89 

2 

4058,8 

124 

8.02 

1 

3865,5 

2,51 

2 

3645,2 

152 

2,75 

3 

4280,5 

3,97 

15 

4235,9 

3,73 

16 

4222,2 

3,10 

16 

4210,3 

8.14 

10 

4187,8 

3,75 

13 

4197,0  . 

3,49 

13 

4191,4 

3,50 

6 

4299,2 

3,46 

7 

4271,2 

3,55 

15 

4250,1 

3,55 

17 

4233,8 

3,31 

12 

153 

3880,8 

188 

0,76 

3 

8485,0 

2,58 

2 

8393,8 

2,19 

2 

8318,0 

189 

2,49 

2 

8252,8 

2,00 

5 

8191,8 

2,33  ' 

2 

8138,8 

2.41 

3 

83U,2 

0.91 

3 

170 

5818,2 

0,81. 

3 

175 

aH8,2 

3.39 

3 

3578,8 

3.39 

2 

3,26 

19 

3,49 

12 

3.11 

9 

2.96 

IS 

1.91 

3,90 

14 

3,55 

19 

3.42 

19 

3.24 

10 

3,19 

12 

3,25 

12 

1,99 

4 

3.69 

5 

3.34 

5 

3,32 

5 

i.se 

3 

1.35 

a 

0,85 

a 

0,90 

3 

1.09 

3 

0,17 

3 

0,54 

3 

0,79 

3 

0,62 

3 

1.93 

a 

1,75 

a 

3,39 

10 

2,97 

19 

2,53 

1 

2,75 

13 

2.74 

12 

2.44 

9 

3,15 

13 

3,09 

1 

2,50 

8 

2,32 

8 

2.» 

1 

2,82 

8 

2,78 

8 
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Table  39  (Cent . ) 


— ^ 
\  ,cm 

>t<>4 

g 

.  cm 

*  • 

IffA 

1 

V. 

176 

284 

358 

3813,1 

4,32 

2 

3910.8 

3,20 

1 

4065,0 

3,07 

2 

20C 

287 

359 

6647,0 

0,04 

3 

3811,0 

3,37 

.  2 

4044,6 

3,05 

16 

6600,1 

1.18 

3 

318 

4062,4 

3,20 

11 

6S7S,0 

1.10 

3 

4920,5 

4,40 

5 

4079,8 

2,61 

0 

6475,6 

1.02 

3 

4801,5 

4,05 

5 

361 

■Jfft 

4871,3 

3,90 

3 

8964,5 

3,16 

3 

6230,7 

2,43 

5 

4850,8 

3,42 

3 

364 

6137.7 

2.64 

5 

4019,0 

3,90 

5 

3042,4 

3,15 

4 

6065,5 

2,42 

5 

4800,8 

3,61 

5 

3026,0 

3,26 

4 

6005,5 

0,53 

3 

4872,1 

3,68 

3 

367 

6322,7 

1,32 

3 

5044,2 

1,58 

3 

3809,0 

2,55 

3 

6200,3 

1,10 

3 

4038,8 

2.80 

3 

383 

200 

4003,3 

3,22 

3 

5232,9 

3,62; 

5 

5701,6 

1.85 

5 

342 

5266,6 

3,89: 

5 

5567,4 

1.22 

5 

6518,4 

1,33 

3 

5281,8 

3,27 

5 

5778,5 

0,51 

5 

6355,0 

1.52 

3 

5192,4 

3,81 

5 

5833,9 

0,30 

5 

6270,2 

1,33 

3 

5191,5 

3,78; 

5 

217 

6311,5 

0,90 

3 

409 

4005,0 

2,57 

2 

6229,2 

1.04 

3 

4647,4 

2,94 

10 

216 

350 

4601,4 

2,70 

3 

4010,3 

1.78 

5 

4466.6 

3,50 

13 

4710,3 

230: 

5 

222 

4476,0 

3,52 

10 

4662,0 

1.55 

3 

3606,8 

3,02 

5 

4443,2 

3,40 

8 

410 

3821,8 

3,54 

2 

4454,4 

2,86 

2 

4556,1 

3,41 

1 

268 

351 

414 

6678,0 

2,28 

3 

4258,6 

1,64 

2 

4309,4 

3,04 

1 

6502,9 

2,32 

3 

4241,1 

1.41 

3 

4367,6 

3,71 

4 

6546,2 

1.33 

3 

352 

415 

6703,6 

0,90 

3 

4207,1 

2,80: 

3 

4365,9 

1.68 

3 

273 

4245,3 

3,03 

10 

419 

4267,0 

2,35 

4 

354 

4219,4 

3,61 

4 

276 

4181,8 

4,13 

4 

422 

3998,0 

3,31 

2 

4175,6 

3,30 

13 

4141,0 

237: 

5 

277 

4143,8 

3,55 

1 

423 

4007,3 

2,60 

2 

4156,8 

3,35 

4 

4120,2 

2,60 

4 

276 

4107,5 

3,07 

7 

429 

3097,4 

3,49 

1 

4128,9 

1.27 

3 

3897,4 

2,04 

5 

4021,9 

3,32 

4 

355 

3871,8 

3,50 

4 

3037,3 

2,74 

$ 

4184,0 

3,16 

6 

3903.9 

3,61; 

4 

280 

4154,5 

3,50 

6 

472 

3932,6 

3,42 

1 

4213,6 

2,71 

6 

4517,5 

2,29 

4 

3863,7 

3,54 

3 

4204^0 

3,27 

5 

476 

3007,0 

3,02 

4 

4191,7 

2,79 

3 

4387,9 

2.69 

9 

282 

357 

476a 

3884,4 

2.52 

4 

4134,7 

3.45 

8 

4182,4 

2.66 

4 

283 

4132,9 

3,24 

8 

482 

3861,3 

2,84 

4 

4114,4 

2,65 

9 

4210,4 

331: 

4 

4091,6 

1.80 

5 
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Table  39  (Cont . ) 

I 


Ifffl 

H 

m 

8 

4220,4 

3.00: 

3 

4073,8 

3,42 

4 

4248,2 

2,88 

6 

4060,2 

2,83 

4 

4267,8 

2,89 

6 

4109,1 

2,64 

6 

488 

559 

3867,2 

3,57 

8 

4U68,0 

3,78 

13 

3056,0 

2.75 

2 

4085,3 

3,77 

3 

515 

560 

4480,1 

2,72 

2 

4030,5 

4,20 

1 

518 

4016,4 

3,81 

3 

4360,8 

3,15 

4 

3986,3 

3,15 

7 

520 

561 

4208.0 

3,31 

1 

3947,0 

3,26 

7 

522 

562 

4199,1 

3,99 

12 

3941,3 

3,51 

4 

523 

3955,4 

3,26 

4 

4143,4 

3,89 

12 

597 

524 

4285,4 

3,30 

3 

4074,8 

3,32 

1 

599 

527 

4167,9 

2,95 

4 

4017.2 

3,17 

6 

603 

529 

4006,3 

3.11 

5 

3830,3 

2,65 

2 

606 

553 

3916,7 

3,59 

8 

5324,2 

4^4: 

5 

608 

5263,3 

3,33 

3 

3821,2 

4.36 

5 

5253,5 

2,42 

3 

3805,3 

4,40 

5 

5217,4 

3,18 

& 

652 

5215,2 

3,36 

6 

3948,0 

3,64 

5 

5229,9 

3,44 

5 

655 

5393,2 

3,30: 

5 

3966,2 

3,24 

4 

5339,9 

3,55 

5 

4040,6 

3,73 

6 

5302,3 

3.74 

3 

3976,6 

3,67 

4 

554 

661 

4736,8 

3,66 

8 

3923,0 

3,88 

1 

4707,3 

3.46 

4 

3951,2 

3,49 

3 

4668,1 

3,23 

6 

665 

4637,5 

2,91 

10 

3810,8 

3,82 

5 

4613,2 

3,19 

1 

AAA 

DOQ 

4625,0 

3,00 

9 

3802,3 

3,32 

3 

4607,7 

2,77 

3 

686 

555 

5615,6 

4,39: 

5 

4531,6 

2,19 

Z 

5586,8 

4.18 

5 

4504,8 

1.90 

3 

5572,8 

4.06: 

5 

556 

5569,6 

3,69: 

5 

4022,7 

•  2,37 

2 

5576.1 

3,36 

5 

556 

5624,6 

3,51 

3 

4076.6 

3,87 

2 

5784,7 

1,49 

3 

4068.2 

3,80 

1 

687 

4070.8 

3.47 

9 

4966,1 

3.24 

5 

4946.4 
4882,  L> 
4863,  (> 

4875.9 
.')002,8 

4950.1 
4907,7 
089 

4224.2 

4200.9 
4238,0 

4208.6 

4176.6 

4227.4 
690 

4228.7 
692 

4264.2 
603 

4227.4 

4247.5 

4238.8 

4225.5 

4217.6 

4198.3 
4196,2 

694 

4154.8 
4136,5 

4087.1 

4140.4 

695 

4126.2 
4115,0 

4150.3 

4112.4 

41.57.8 

41.58.8 
698 

4084.5 

4065.4 
4133,9 
4082,1 

4072.5 
702 
3804,0 
726 
4137,0 


3,09.  .S 

2,41  .3 

2,36  ^ 

2,09  3 

2, .56  3 

2.60  3 

2,24  3 

3.76  7 

3,28  6 

3,27  9 

3.45  4 

3.60  5 

4,78  4 

1.76  2 

2,52  2 

4,78  5 

4,01  13 

3,99  8 

3.55  3 

3.56  1 

5,06  4 

3.60  5 

4,02  2 

2,71  5 

2,97  7 

2.61  2 

3,03  6 

1,66  2 

.33.5  5 

3,87  3 

3.80  12 

3.46  5 

3,58  9 

2.81  9 

3,30  0 

2, n  6 

3, M  5 

•  3,#  3 

3,65  6 
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Table  39  (ContO 


.  -x 

X,  - 

l««/x 

1'. 

ft  Cili  ^ 

g 

i«</^ 

g 

752 

830 

1060 

4705,5 

2,19 

2 

4388,4 

3,60 

7 

4989,0 

3,56 

2 

753 

4485,7 

3,23 

7 

1007 

4789,0 

3,20 

2 

4433,2 

3,59 

7 

5838,3 

.  3,25 

3 

755 

44W,4 

3,64 

1 

2,92 

3 

4547,8 

3,51 

1 

883 

3,00 

3 

784 

5027,2 

3,36 

2 

2.20 

3 

4240,4 

2,74 

a 

889 

2,00 

3 

767 

4709,0 

3,82 

2 

1089 

4050,7 

3,11 

2 

890 

5162,3 

4.73 

2 

795 

4536,5 

2,85 

2 

1092 

4587,1 

2,75 

2 

908 

5133,7 

4.57 

2 

797 

4246,1 

3,55 

7 

5097,0 

4,24 

2 

4432,6 

2,83 

2 

913 

1094 

800 

3960,3 

3,29 

3 

5074,8 

4.39 

2 

4210,4 

4,54 

2 

959 

1095 

802 

6003,(7 

2,90 

3 

5121,6 

3,62 

2 

4014,5 

3,82 

1 

5970,8 

2,74 

3 

1103 

816 

6188,0 

2,66: 

5 

4113,0 

3.84 

4 

6400,0 

3,73 

5 

6090,7 

2,42 

1 

1107 

6411,7 

3,75 

5 

905 

5763,0 

3,07 

3 

0408,0 

2,94 

5 

5001,9 

4,35 

5 

57.53,1 

3,37 

3 

6240,3 

3,49 

2 

5015,0 

3,82 

5 

5717,8 

3,12 

3 

6338,8 

3,12 

5 

5022,2 

3,87 

3 

5618,0 

2,82 

3 

6232,7 

2J84: 

5 

973 

56.55,5 

3,19 

3 

820 

4494,0 

2,79 

2 

1110 

4590,1 

5,15 

3 

4392,0 

2,33: 

5 

5027,8 

3,51 

2 

4673,2 

3,32 

5 

974 

1145 

4643,5 

3,10 

6 

4490,8 

3,40 

7 

BSB 

5,06 

2 

821 

976 

4.91 

2 

4745,8 

3,43: 

4 

4276,7 

2,91 

5 

5389,5 

4,17 

2 

4619,3 

3,82: 

4 

4300.8 

3,29 

6 

1146 

4705,0 

2,85 

2 

882 

.5383,4 

5,04 

2 

822 

5834,7 

2,83 

3 

.5.369,9 

4.94 

2 

4630,0 

3,34 

0 

5809,2 

2,46 

3 

5367,5 

4.1i 

2 

823 

984 

.5364,9 

4.71 

2 

4ri60,l 

3,10 

2 

4973.1 

3,00 

5 

1147 

825 

4880,4 

2.28 

3 

5409,1 

3,81 

2 

4433,8 

3,38 

4 

993 

1163 

4490,0 

2,55 

2 

4265,3 

3,09 

•» 

5445,0 

4.58 

5 

826 

4204,7 

2,67 

2 

5562,7 

3,20 

2 

4:i25,l 

3,87 

1 

4200.1 

2,95 

4 

1165 

4611,3 

4,00 

5 

1025 

410,9 

4,70 

2 

888 

5487,0 

3,94 

2 

1175 

4484,2 

2.42 

0 

1028 

5983,7 

4,92 

2 

U79.0 

3.» 

4 

5424,2 

4,89 

2 

5927,8 

3,77 

2 

4427,3 

S.M 

5 

1042 

1178 

4440,8 

8.01 

2 

4735,8 

3,40 

4 

0024,1 

4.57 

2 

4438,4 

8.1» 

2 

1082 

0000,2 

4.31 

2 

5543,9 

3,00 

3 
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Table  39  (Cont.) 


X  ,  CE*  ■' 

ir*/x 

Kf/x 

g 

lf</X 

g 

1179 

28 

44 

5816, 4 

3,77 

2 

4178,9 

2,26 

14 

4663,7 

1.27 

1 

1180 

4296,6 

2.11 

14 

46 

5882,4 

4,20 

3 

4380,4 

1,20 

10 

5991,4 

1.23 

2 

5814,2 

4,25 

2 

4122,6 

1,56 

7 

6084,1 

0,04 

2 

5830,2 

4,16 

5 

4258,2 

1.70 

7 

48 

5752,0 

3,66 

3 

29 

5362,9 

2,62 

2 

5806,7 

3,75 

5 

4002,1 

1.31 

4 

5264,8 

1.88 

2 

1183 

32 

5414,1 

2,01 

2 

5554,0 

4,04 

5 

4314.3 

1,00 

6 

40 

5565,7 

4,14 

5 

4278,1 

0,97 

1 

5276,0 

2,80 

3 

5670,0 

3,60 

3 

4413,6 

0,67 

4 

5134,6 

2,60: 

5 

1105 

36 

5107,6 

2,51 

5 

6713,1 

2,81 

3 

4993,4 

0.47 

2 

5425,3 

1,62 

5 

6752,7 

3,06 

3 

4893,8 

0,38 

2 

5325,6 

1,76 

5 

6630,7 

2,66 

3 

37 

55 

6733,2 

2,88 

3 

4620,3 

2,33 

6 

5534,9 

2,06 

2 

1250 

4555,0 

2,42 

8 

74 

6056,0 

3,02 

5 

4515,3 

2,24 

13 

6456,4 

3,10: 

5 

6078,5 

3,06 

5 

4401,4 

1,99 

13 

6247,6 

2,01 

2 

6102,2 

4,16 

2 

4520,2 

2.17 

14 

6147,7 

2,50 

3 

1260 

4480,2 

1.93 

14 

6416,9 

2,30 

5 

5084,8 

3,88 

5 

4472,9 

1.48 

13 

6238,4 

2.31 

5 

5987,1 

3,86 

3 

4666,7 

1,72 

9 

6140,2 

2,20 

5 

6170,5 

3,68 

3 

4582,8 

1.80 

8 

6407,3 

2,08 

3 

38 

6230,0 

1.71 

3 

Fall 

4583,9 

2,79 

14 

126 

3 

4549,5 

2,59 

1 

4032,0 

2,80 

1 

3838,3 

l.» 

7 

4522,6 

2,68 

13 

127 

3814,5 

0,85 

1 

4508,3 

2,30 

13 

4024,5 

2,04 

7 

17 

4620,5 

1.50 

14 

3863,0 

2,80 

1 

4664,8 

0.11 

1 

4576,3 

1,83 

14 

140 

22 

4541,5 

1,03 

11 

4455,8 

2,57 

1 

4124,8 

0,70 

3 

4648,2 

0,87 

1 

151 

4168,7 

0,65 

1 

4.595.7 

0,87 

1 

4aii.:. 

2.58 

1 

4035,5 

0,70 

1 

152 

25 

Xl.W.i 

1.40 

1 

3863,4 

2,62 

1 

4670,2 

1.42 

1 

40 

3863,9 

2,04 

1 

26 

6516,0 

1.35 

2 

153 

4580,1 

1.07 

1 

6432,7 

1,22 

2 

3814,1 

3,72 

2 

27 

42 

170 

4233,2 

2,05 

7 

5168,0 

3,45 

2 

4626,8 

2,10 

1 

4351,8 

2.64 

3 

5018,4 

8,33 

5 

171 

4416,8 

2.16 

14 

4923,9 

3,15 

5 

4526,6 

2,89 

t 

4173,5 

2,38 

*7 

43 

4474,2 

2,57 

1 

4303,2 

2.28 

14 

4731,4 

1.84 

1 

172 

• 

4385,4 

2,30 

14 

4856,0 

1.84 

1 

4048,8 

3,20 

1 

4128,7 

1.22 

11 

4001,3 

1,18 

1 

40U,0 

3,00 

7 

4273,3 

l.« 

7 

173 

3935,9 

3,78 

7 
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_  -1 

itiix 

& 

-i 

mix 

* 

IttlX 

g 

177 

186 

70 

5115,4 

2,92 

5 

4835,3 

3,78 

9 

5435,9 

0,45 

3 

4935,8 

2,84 

3 

4625,9 

3,20 

1 

88 

5130,4 

2,06 

3 

187 

4410,5 

2,30 

.7 

194 

4446,2 

2,70 

4 

98 

5081,1 

3,39 

2 

188 

4714,4 

3,54 

7 

209 

4069,8 

8,80 

t 

4848,7 

2,80 

7 

5176,7 

2,63 

3 

188 

4605,0 

2,65 

9 

210 

4061,8 

3.80 

1 

4758,5 

2,68 

5 

5155,8 

2,97 

5 

4007,7 

2,84 

1 

4715,8 

2,72 

5 

221 

190 

4688,2 

2,48 

5 

5625,3 

2,52 

3 

4002,5 

3,00 

1 

4874,8 

1,74 

3 

228 

3938,9 

2,64 

7 

4814,6 

1.74 

3 

6176,8 

2,72 

3 

212 

100 

6224,0 

2,34 

3 

3960,9 

4,18 

3 

4606,2 

2,34 

4 

229 

4057,4 

4,48 

7 

111 

6133,9 

1,51 

3 

213 

5017,6 

3,08 

5 

6186,7 

2,32 

3 

4354,3 

4,45 

3 

4998,2 

2,35 

3 

6360,8 

2,14 

3 

216 

4953,2 

2,51 

3 

230 

4366,1 

4,03 

1 

4866,3 

2,73 

3 

6111,1 

2,47 

3 

219 

■ 

4873,4 

2,55 

3 

6366,5 

2,36 

3 

4631,9 

4,38 

1 

4857,4 

2,48 

3 

231 

220 

112 

5760,8 

2,46 

3 

4319,7 

4,30 

4 

4980,2 

2,49 

2 

235 

4318,2 

3,98 

1 

129 

4735,5 

2,80 

3 

222 

4904,4 

2,94 

2 

248 

4493,6 

4,71 

1 

130 

6130,1 

2,37 

3 

4449,7 

4.40 

4 

5082,6 

2,46 

3 

249 

4431,8 

4,32 

1 

131 

6598,6 

2,43 

3 

4829,0 

2,54 

2 

6086,3 

2.77 

3 

Nil 

133 

6322,2 

2.17 

3 

15 

4703.8 

2,65 

4 

5996,7 

2,30 

3 

3913,0 

-1.19 

3 

143 

250 

31 

5080,5 

3,48 

2 

5669,9 

2,33 

3 

3837,7 

1.84 

3 

144 

5614,8 

2.89 

3 

32 

5011,0 

2,09 

3 

264 

3858,3 

1,58 

7 

145 

6635,1 

2,58 

3 

33 

5038,0 

3,22 

2 

3807,1 

1.29 

5 

5000,3 

2,66 

3 

Ni  il 

47 

181 

9 

5578,7 

0,13 

3 

5099,9 

2.74 

3 

4362,1 

2,52 

5 

51 

162 

4244,8 

2,30 

6 

4520,0 

-0,07 

3 

5084,1 

3,21 

2 

10 

64 

5148,5 

3,20 

3 

4192,1 

2,26 

8 

6532,9 

-0,38 

3 

163 

12 

68 

4807,0 

2,80 

3 

4015,5 

2,66 

7 

5892,9 

0,70 

3 

168 

Y  II 

69 

4437,8 

1,96 

5 

5592,3 

0.87 

2 

1 

4204,7 

0,07 

2 
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Table  39  (Cent . ) 


V  cn*' 
'  I 


s 

4309.6 
4396,0 

6 

3962.6 

3950.5 
7 

3616.3 
12 

4662.3 

13 

4374.9 

14 

4177.5 
20 

5067.4 

5200.4 
22 

4863.7 

4900.1 
27 

5521.6 
5546,0 

5544.6 

Zrll 

15 

4211.9 

16 

3999,0 

17 

3915.9 
29 

4156.2 

40 

4277.4 

4317.3 
U97,0 

41 

4140.2 
4209,0 

42 

4161.2 
4151,0 

43 

4050.3 

3934.6 
54 

4016.4 


iggn 

H 

Iggl^ 

n 

cm'^ 

8 

67 

36 

1.58 

4 

4613,9 

0,84 

6 

5114,6 

-2,17 

3 

0,06 

6 

79 

37 

2,06 

5 

4804,0 

-2,44 

3 

1.43 

4 

88 

38 

1.41 

7 

4379,6 

1.71 

1 

4429,0 

-2,51 

1 

95 

30 

1.01 

3 

5112,3 

0,06 

3 

4690,6 

-1,49 

1 

97 

40 

0,36 

2 

4210,6 

2.17 

1 

3988,5 

-1,28 

7 

99 

4152,0 

-2,20 

1 

2,28 

8 

4171,6 

2,45 

2 

41 

130 

4123,2 

-1,66 

3 

2,02 

6 

4553,9 

1,93 

1 

4238,4 

-1,63 

6 

130 

53 

1.81 

5 

4574,5 

2,05 

1 

4559,3 

-2,42 

1 

1.56 

5 

140 

r 

4386,5 

2,06 

1 

4748,7 

—2,01 

5 

2,01 

5 

75 

2,76 

2 

Ball 

4286,0 

-0,32 

4 

1 

76 

1,33 

3 

4554,0 

2,16 

s' 

4619,9 

-1,28 

2 

1.47 

3 

4934,1 

2,26 

5 

81 

i.t« 

3 

2 

4540,7 

-1.44 

1 

6141,7 

1,73: 

5 

84 

6496,9 

1,76: 

5 

4283,6 

-0,01 

2 

5853,7 

1.31 

3 

92 

1,03 

3 

4 

4666,6 

-1,11 

1 

4166,0 

2.46 

1 

141 

1.23 

1 

UU 

3864,5 

-1,12: 

2 

149 

0,60 

1 

4 

-0.25 

i 

5805,8 

—2,53 

3 

1.50 

1 

8 

4662,5 

-2,80 

6 

1.26 

1 

10 

i.43 

3 

4432,0 

-1,70; 

4 

0,67 

1 

22 

4728,4 

-2.14 

1 

2,01 

5 

23 

0,95 

3 

4574,9 

-2,83 

1 

4691,2 

—2,70 

1 

2.05 

2 

24 

1.66 

6 

4333,8 

—1,60 

9 

25 

1,14 

4 

4322,5 

-2,46. 

5 

1,10 

1 

27 

3929,2 

-1,82 

1 

1,26 

1 

3995,7 

—2,38 

1 
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Tati*  4o.  Factors  for  Convorsion  of  9alitlve  Osel,llator 
Strangths  (In  Ta'bla  39)1  to  Absolute  Values  [49] 


3xp.+ 

,.lo*  V  ) 


Jtellar* 


’•I'Tbeor. 


lew  ^  ) 


Mgl 

—1,32 

Mg  11 

-3,88 

Si  11 

-3.00 

C*1 

+1,30 

+1.01 

Sell 

+1.78 

Til 

+3.82 

+3,35 

,Ti  11 

+1.96±0.10 

+1,85 

VI 

+3.95 

Vll 

+0,75+0,14 

Crl 

+2.54 

+2.68 

Crll 

+0,U±0,00 

Mnl 

+1.84 

+1.60 

MaU 

-2,44+0,24 

Fal 

+0.43 

Fell 

-0,37+0,16 

+0.32 

mi 

+0,56 

+1.66 

NIU 

-0.66db0,34 

Be  11 

+1.54 

*  X  Is  calculated  frem  the  experimentally  determined 
absolute  f- values. 

**  X  Is  calculated  from  the  knwn  absolute  f>values  for 
atoms  using  stellar  spectra  containing  llne4  of  both 
neutral  and  ionised  atonu. 

X  is  calculated  from  theoretically  determined  absolute 
f oTalues . 


-  107  - 


Table  4l*  Line  Strengths  for  the  p3-pe  TransltlocB  of  C  I,  Si  I, 
Oe  I,  Sn  I,  and  Fb  I  [^O] 


Transition 

IS 

C  I 

si  I 

Oe  I 

Sn  I 

B| 

■ 

pa»Pe  -  ps  ap^ 

20 

20 

20 

20 

,  20 

1 

?o 

20 

20 

19.999 

19.82 

18.32 

17.85 

19.47 

20 

iFj  -  •?0 

0 

0.001 

0.18 

1.68 

2.17 

0.52 

0 

VP,  - 

0 

0.045 

0.165 

1.975 

5.675 

4.21 

5 

'^1  - 

0 

0.17^ 

0.122 

0.61 

0.044 

12.48 

25 

-  >D. 

100 

99.99 

99.04 

89.51 

81.58 

67.28 

50 

-  '=» 

0 

0.001 

0.18 

1.68 

2.17 

0.52 

0 

?P  -  *P 

2P 

19.999 

19.82 

18.32 

17.85 

19.47 

20 

•P,  -  >P, 

15 

14.955 

14.82 

15.023 

11.325 

U.79 

10 

•P,  -  >P, 

25 

25.01 

25.075 

25.50 

51.52 

44.30 

50 

•P,  -  ID. 

0 

0.004 

0.925 

9.56 

11.84 

1.77 

0 

3P,  .  «P, 

25 

25 

25 

25 

25 

25 

25 

•p,  -  •?, 

75 

74.98 

74.975 

74.1 

68.45 

44 

25 

•p,  .  1®. 

0 

0.002 

0.025 

0.9 

6.57 

31 

56 
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WkU  44 


.  0>ellll.%«r  StMarths  mA  yrniiltlan  PnMbllltiM  latw— a  X«;v«ls 
of  mi  Comflforctlamo  [$1] 


S'! 

Transition 

] 

Py 

.  «*] 
1 

i 

1 

P‘ 

j  /«,- 

(I>3 

1 

!  5^ 

(1)J 

•  >0-* 

1 

2s*/‘—3piD{^P) 

0.20 

12 

20 

15.8 

0,58 

20 

.5,26 

1,13 

0 

^P—*S 

0,24 

12 

4 

15,2 

o.i-* 

4 

5,C7 

1.87 

■) 

0.27 

12 

12 

14.8 

0,44 

12 

4.92 

2.59 

•I 

0.11 

6 

6 

14,0 

0.17 

6 

•1,68 

1  o.ic 

r> 

-P-W 

0.22 

6 

10 

13.2 

0,54 

10 

4,39 

'  1.25 

6 

■ip  _  25 

0.26 

6 

2 

1  12.6 

0.12 

2 

•4.20 

1.98 

7 

3s“P-3/)2S(«P) 

0.27 

6 

2 

1  16.3 

0,16 

2 

5,43 

2.86 

S 

ip-2p 

0.27 

6 

6 

16,3 

0.49 

6 

5,43 

2,86 

9 

■if>  —  IQ 

0,23 

6 

10 

16.1 

0.68 

10 

5,36 

1,75 

10 

3p-P—3tPD{}P) 

0.23 

6 

45 

12,4 

0.47 

10 

3,71 

1.21 

n 

*D-*F 

0.19 

20 

168 

11,9 

0,42 

2s 

4.76 

0,87 

12 

iD-iD  • 

0.21 

20 

30 

12,4 

0,09 

20 

1.24 

0,3! 

13 

*D-*P  ; 

0.24 

20 

2 

12,3 

0.007 

12 

0,14 

0,051 

U 

iS-ip  ' 

O.-.’O 

40 

12.1 

0..5-i 

12 

2.68 

0.57 

15 

*p—tp  j 

0.17 

'  !2 

30 

12.4 

0.12  i 

12 

2,06 

0.27 

16 

*P-*D  1 

0.1.; 

;•> 

90 

12,4 

0,29  i 

20 

.3,72 

0,27 

17 

Zp'-D  —  (JP) 

o.io 

15 

12.8 

0,04  . 

10 

1,28 

0.03 

IK 

■iO  -  if  ! 

0,i7 

10 

81 

13.1 

0,42  , 

H 

5,23 

0.69 

19 

2D  -  5,  i 

0.19 

10 

i 

1.3.f> 

O.OC6 

6 

0,15 

0.03 

20 

■iS  —  -ip 

0.15 

2 

20 

8.7 

0.29  ■ 

6 

1.93 

0.18 

21 

2p-ip 

0.30 

6 

15 

14,0 

u,23  • 

6 

2,3,3 

1,68 

22 

‘2s2p^P-3s*P{*P)  1 

2.10 

!• 

24 

0,002 

0,001 

12 

O.OOl 

0.32 

23 

2£)  _  5/>  i 

1.79 

10 

15 

0.002 

Dio-r 

6 

0.002 

0.26 

34 

is  -  ip 

1.52 

2 

3 

O.COl  (3  10"''; 

6 

210-' 

0,02 

25 

■tp-ip 

1.38 

c 

■■i 

0,004 

3, 10-“' 

6 

TIO'^ 

0,05 

26 

ip—ippp)  ; 

1.26 

0 

9 

0,004  1 

810-'v 

6 

0.002 

0,11 

27  i 

iS  -  ip  ! 

1.97 

2 

1 

0,001  j 

lo-*: 

6 

510”‘' 

0.01 

28  1 

iD  -  ip 

2.2.'. 

10 

') 

0.002  ' 

3’10-''' 

6 

6  10“* 

0.JS 

2<J  1 

2s2piV‘-  2d*D(iP) 

2.51 

12! 

1  hO 

0.56  ! 

0,47  ' 

20 

0,.34 

1.42- 10» 

OV 

iP  _  ip 

2.54 

12: 

60  i 

0.54 

0.15  ' 

12 

0,18 

79.0 

31 

iD  -  iO 

2,13 

H)| 

.  1 

0,58  1 

0,06  ' 

10 

O.O'.t 

22,6 

32 

iO-ip 

2,20 

10: 

••  .  I 

O..73  j 

0,004  1 

(i 

0.009 

2.51 

33 

21  j  _ 

2.1'. 

10' 

252  . 

0,o3  1 

0,33  1 

14 

0,32 

88,2 

3'. 

■S-ip" 

2.5.1 

r, 

30 

0,51  ! 

0,43  ' 

6 

0,!7 

71.1 

35 

U2p*'P-3cPDPP) 

1.72 

6' 

“t 

0,u2 

0,09  ; 

10 

0.09 

12,7 

36 

i 

1.79 

61 

'‘2 

0,56 

0,03  ' 

6 

0,05 

7.2 

37 

2s"-2py‘  -  2s7p3p*D  («/>)  • 

2.9.J 

h ! 

I.'. 

0,15 

0,12  ■ 

10 

0,0  s 

.50,5 

38 

ip  —  2/' 

2,82  1 

o' 

9 

0.13 

0.06  , 

6 

0.1.5 

39,0 

39  1 

ip  -  J  J  1 

2.87  1 

6i 

3 

0.13 

0,02  ■ 

2 

C».u7 

41,1 

40  1 

ip—2s2pipiD('P)  ■ 

3.40  ' 

^1' 

5 

0,15 

o.ao 

10  1 

0.03 

26.3 

41 

3.14  ! 

3 

).15 

0,03  . 

6  1 

ii.O'l 

27.2 

42 

ip-iS  1 

3.44 

61 

1 

0,15 

0,01  ! 

1 

0,03 

27.2 

43  Zi'iip-P  -  (>P)  3psp 

1  20 

6 

12 

9,94 

0.25  1 

6 

0,6.3 

29.0 

44  , 

iP-iD 

1.16 

6 

20 

).94 

0.40  . 

lu 

0.63 

26.2 

45  : 

ip  -iS  .  ' 

1.20 

6 

4 

0.94 

0.08  : 

0  i 

^  1 

0.63 

29.0 

lU 


Table  45*  Oscillator  Strengths  and  Transition  Probabilities  Between 
Levels  of  ls*2s2p(i,sr‘)ni  Conflgriratlons  [51] 


M 

Trannlticn 

•’LL- 

Py 

"J 

P* 

/•.m' 

Uip 

“a 

-IO-* 

1 

2s2ps  ‘p  — 

A.\*P  (*P) 

2.84 

12 

24 

0,02 

0.01 

12 

0.0 1 

8.17 

2 

*L- 

ip 

2.45 

10 

15 

0,03 

0.01 

6 

0.03 

9.84 

3 

ip 

2,18 

2 

3 

0,02 

0.007 

6 

0.003 

0,92 

4 

-/>- 

ip 

2.04 

6 

3 

0.03 

0.003 

6 

0,005 

1.14 

5 

3p*P- 

4s*P 

0.47 

12 

12 

1,43 

0,08 

12 

0,48 

1,34 

6 

*S- 

*P 

0..50 

4 

4 

1.17 

0.07 

12 

0,13 

0.44 

7 

*D- 

♦/> 

0.54 

20 

20 

0,04 

0,06 

12 

0.52 

2.^20 

8 

■P- 

s/» 

0,55 

6 

6 

0.47 

0.03 

6 

0.16 

0,70 

9 

ip 

0,44 

10 

10 

0.96 

0.05 

b 

0,53 

1.22 

10 

=6'- 

ip 

0,40 

2 

2 

1.21 

0,05 

6 

0.13 

0.23 

n 

4.S-/'- 

Ap'-P 

0,0.5 

6 

6 

48,6 

0,2: 

6 

16.2 

0.05 

12 

- 

■P 

0.3: 

10 

45 

1.21 

i;,(/4 

6 

0,61 

0.S2 

13 

3s- J‘ - 

ip 

0.71 

6 

6 

1.78 

0.14 

6 

0.59 

.5,68 

14 

2s*-2p'-P- 

Ap-P 

2.0J 

6 

9 

0.04 

0.01 

6 

0,0  J 

4,.vj 

15 

■'.s*/‘  - 

Ap*D 

0.07 

12 

20 

51.9 

0.67 

20 

17.3 

0.16 

lt> 

3<I*P  — 

Ap*U 

0.37 

12 

2 

1.4.3 

0.002 

•JO 

0.01 

17 

*£)- 

*0 

0.40 

2o 

30 

1.32 

0.02 

2.) 

i',!3 

o:ri 

IS 

4/-' 

<D 

0.42 

2S 

16s 

1,15 

0,J6 

•JO 

0.64 

I.JS 

19 

34  V'- 

Ap'D 

0.81 

12 

20 

I..'i3 

0,20 

20 

0.44 

6,31 

20 

44  V'  - 

*P-o 

0.07 

6 

10 

60.10 

O.S'j 

10 

22,0 

0,21) 

21 

3<jV'- 

Ap-D 

0.32 

6 

1 

1.08 

o.uol 

10 

O.OOT 

0,0c6 

22 

"-r- 

-O 

0.34 

14 

84 

0.93 

0.04 

K) 

0  52 

i)..55 

23 

Zs-P  - 

Ap^D 

0.73 

6 

10 

0.97 

0,13 

10 

0,32 

3.36 

24 

2s*2i>U‘- 

iO 

2.11 

6 

15 

lt.04 

0,02 

10 

u,02 

5.01 

25 

44  V’- 

Ap<S 

0.09 

12 

4 

44,81 

0.15 

4 

M.9 

0.2'3 

26 

ZU*P- 

<S 

0.39 

12 

40 

0.11 

0,01 

4 

0.-27 

0.43 

27 

Zs*P- 

'S 

0.83 

12 

4 

0.33 

0,01 

4 

0.11 

1.6S 

28 

As*P- 

Ap*P 

O.lu 

12 

12 

48, 2y 

0,54 

1: 

16.1 

0.43 

20 

id*P- 

*P 

0.40 

12 

30 

0.77 

0.02 

12 

0.13 

0.22 

30 

*D- 

*P 

0.41 

20 

90 

0.66 

0.03 

12 

0..33 

0.70 

31 

isW  — 

*P 

0.84 

12 

12 

0,62 

0.06 

12 

0.2! 

3.2s 

32 

4sV>  - 

Ap-^S 

0.1 1 

6 

2 

19.56 

0.08 

■> 

6.52 

0,23 

13 

ZtfiP  - 

•S 

0.36 

6 

20 

1,81 

0,05 

2 

1.21 

1,.50 

34 

ZsiP- 

Ap'iS 

0.77 

6 

2 

1.61 

•0,05 

0.54 

>.54 

35 

2t*lpip- 

-S 

3.18 

6 

3 

0.i<3 

0,006 

‘J 

0.02 

16.9 

3t> 

Ap*r)  - 

0.07 

2o 

16H 

55,4 

O./l 

•.8 

22,1 

0.20 

37 

tip*/)  - 

0.6s 

20 

168 

2.12 

0.2: 

■)%' 

0,85 

7.14 

38 

AlPO  — 

AiPD 

0,07 

10 

15 

50.3 

0,1  > 

;0 

5.0 

0,115 

39 

ij>  — 

'■D 

0.09 

6 

45 

51,9 

0.78 

:o 

13,6 

0.;{i) 

40 

ZpiD- 

■D 

0.5s 

10 

15 

.3,15 

O.O-i 

1 

o,.12 

41 

%P- 

•-7J 

o.eo 

6 

45 

2.12 

0.24 

io 

•  «.l 

42 

2s2p^^P- 

AiPD 

2.48 

6 

<  5 

0.17 

0,03 

10 

0,03 

7,67 

43 

■0  - 

■‘0 

3.17 

10 

.. 

0.17 

0,0.3 

10 

0.03 

21.7 

44 

4oV'  - 

A<PD 

4 

12 

90 

50.3 

0,42 

20 

1.5,1 

0,6.5 

4.') 

4/3- 

*D 

O.nS 

20 

30 

55.4 

0.15 

20 

5,5 

0,03 

46 

3i)«/'  — 

*D 

0.i>2 

12 

90 

2.87 

0,.30 

20 

O.Sfi 

5..*.9 

17 

*0  — 

*D 

o,t.o 

20 

3(t 

2,17 

0.05 

•JO 

6,22 

1.91 

4S 

2s2p'  V'- 

*0 

2.j'J 

12 

180 

0.16 

U.lh 

20 

0,10 

6.s,7 

4!t 

Ap*P  — 

Aii*P 

0,0:; 

12 

oO 

45.3 

0,1.3 

12 

7.5 

6.04 

:.0 

*S- 

*P 

0.07 

4 

40 

41.8 

0,6..-. 

12 

9,3 

6.09 

51 

Aii*D- 

A4*P 

0.09 

20 

2 

47,7 

0,01 

12 

6.53 

O.ol 

.  j'2 

Zp'P- 

4/> 

0.63 

12 

30 

1.79 

0,1  Kl 

j  j 

0,30 

0.02 

53 

*S  - 

*P 

0.6«> 

4 

40 

1,49 

0,22 

0,33 

2.54 

64 

•D  - 

4/' 

0.7o 

20 

0 

1.24 

',..0.  2 

J  > 

U.yl 

0,12 

55 

2t2p'-*P- 

AiPP 

3,C0 

12 

60 

0.17 

O.Oc, 

i'} 

0,06 

13.7 

60 

•\p-D  — 

ip 

0.09 

10 

84 

50.0 

0,84 

14 

20,0 

0.39 

57 

ipiD  - 

ip 

0.40 

10 

2,20 

0,16 

14 

O.bS 

1.51 

58 

■2t2p  -  'D  - 

■F 

3.19 

10 

'•  .  • 

0,17 

0.15 

14 

O.IO 

86.6 

59 

Ap*S- 

A<PP 

0,06 

2 

20 

62.2 

0,83 

6 

:  ' 

0.08 

112 


T|])1«  45  (Coot.) 


M 

Transition 

'•LI/ 

It, 

m 

B 

Q 

B^9 

lio* 

S/*-5/* 

0.12 

6 

15 

85.3 

(> 

14,2 

0.6'. 

ol 

■iD  _  s/' 

0.1^ 

10 

1 

51.3 

0.0! 

6 

0,')S 

0.02 

<52 

3u‘.V-i/' 

0.47 

2 

21) 

2.61 

0,2S 

o„)y 

1.63 

'65 

■in 

0.72 

6 

15 

1,44 

0.06 

6 

0,21 

2.40 

64 

20  -  2/' 

U.6! 

!•) 

1 

2,23 

0,003 

0 

0,03 

0.15 

65 

2*2p*20-2/* 

3.20 

lo 

'■'■i 

0,i6 

0,002 

6 

0,003 

2.37 

66 

3/1  —  2/> 

6 

0,16 

0,01 

6 

0,01 

.3,84 

67 

»S  - »/' 

2.35 

2 _ 

30 

0,15 

0.12 

6 

0.05 

17.4 

11.1 

0.29 

6 

15 

1,84 

0.03 

6 

0,31 

0.2 

21i 

■iD-iD 

0.39 

10 

15 

0,63 

0,003 

10 

0,06 

0.1. 
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Td»lt  46.  Valuai  of  P«t,v>lc*  tor,  Transitions  From  Lsvals  of 
lsa2s^i>«p)ni  Configurations  to  tha  Stato  of  Continuous 
SpaetruB  [$1] 


X? 

Trari-itlon 

In 

/ 

!  <'o 

1 

F 

; 

■Vi/c 

1 

!  3s*P  —  bp*D 

'  l.'lS 

1 

j  3,33 

1  12 

20 

1 

.  0,62 

t 

-7.70i 

1 

o 

3.v2p  -  kp"-D 

'  i,3y 

1 

1  3,24 

t 

b 

■ 

10 

6,81 

-13.38 

3 

I.2S 

■  3,03 

■  C 

■1.') 

19,89 

24, CO,' 

19,89  (~  j' 

4 

Zp*lJ  —  kJ*F 

1,2ft 

3.10 

.  20 

163 

19,27 

24, 20^ 

19.27 

5 

3piS  —  *//</' 

1.21 

!  .1 

40 

i:.55 

;.',4.v 

12,63 

6 

3/>*/*  —  k’li*/) 

1.2; 

•i.OS 

12 

Oo 

20.21 

25,79 

(-,-1 

7 

Zp-D  -  k,Pt-' 

i  1.1’ 

J.oO 

10 

S4 

23,13 

1 

19,99 

h 

Zp*S  -  kifil' 

1.13 

3,00 

0 

20 

19,4.3 

26,(13' 

1 

19.43  (>)' 

y 

\U<F—  kf>G’ 

1  l.O'J 

1 

1  3,0o 

340 

MpO  , 
I 

.37,2,' 

>^.50  (>r 

10 

2.1'O  —  kf‘F' 

1  1,U7 

'  3.02 

20 

1123 

1 

12.:.:  j 

38,36 

IV)* 

11 

3<fm  —  *;»/■■ 

1.03 

1 

3.u2 

10 

3<n ' 

’T 

12.:: ; 

12.55  (-f 

,2 

3d'/' -kj*/) 

1.0^ 

1 

1  3.00 

232 

1 

12,94  ; 

i 

38,36 

r 

1 

12.94 

13 

iUtF  -  kpo 

.  i.oo 

!  3,00 

1 

J 

14 

270 

U',73 

1 

4o.00' 

■».«  i^)’ 

M( 

1 

3d'^P  -  kf*D 

1  t;.y8 

3,^0 

6 

1 

126 

1 

S.Jl 

j 

40.73' 

1 

1 

M.  (^)’ 
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Table  ip ,  Oscillator  Strengths  and  Absorption  Goeff icienr-;  for  Transition';  •jt'fen  in  Table 


TaSile  1^8.  Values  of  •![»  for  Tnasitloos  for  Levels  of 

Ie»a2p(sp7ni  (n  -  -  0,  1,  2), 

Conflguratlais  to  the  State  of  Oaotinuous  Spectrum  [^1} 


> 

TraasltlOD 

/« 

Z 

<"1 

i  sw  ? 

1  1 

1 

-f  1 

1 

4.v*P  — 

kp*D 

0,74 

3,33 

12 

'  1 

j  20  I  19,98 

i 

50,23 

19,98 

2 

■is-P  — 

kfPD 

0.73 

3,24 

6 

!  1 

1  10  :  17.29 

;  i 

1 

51,23  ' 

17,29 

m 

3 

^p'O  — 

kd*F 

0,67 

3,10 

20 

i  1 

1  168  1  54,06 

1  ! 

44.04  1 

54,06 

4 

Ap^S- 

kd»P 

0,65 

3,05 

4 

.  i 

40  1  48,06 

♦  ' 

41,64 

48,06 

{tJ 

5 

Ap*P  — 

kd'D 

0.64 

3,08 

12 

t  90  i  52,58 
! 

44,43  ' 

52,58 

i  ■■  •. 

6 

4p’-P  - 

kcT-D 

0,68 

3,08 

6 

'  1 

45  ■  52,00 

40,74 

52,00 

1  V  ) 

7 

AjAD  — 

kcflF 

0,66 

3,00 

10 

, 

:  84  44,74 

1 

37,68 

44,74 

m 

S 

4/)>S  - 

kd^P 

0,62 

3,00 

2 

j  20  ^  44,09 

41,60 

44,56 

(^r 

y 

A(r-D- 

kpF 

0,59 

3,02 

10 

'  560 

i  — 

58,11 

87,87 

(-)• 

10 

Ad*F  — 

k/*G  ]  O,()0 

3,00 

28 

i 

1  540  :  92,54 

' 

57.23 

92,54 

(4)' 

II 

Ad*D~ 

kpF  I  0,59 

3,02 

20 

1120  ' 

— J—  ‘  87,S/ 

' 

58,11 

87,87 

12 

Ad*P  — 

k/<D 

0,.58 

3,00 

12 

1 

252  ''  80,28  1 

58,95 

80,28 

1  'a 

(v; 

13 

idU-  — 

kfiG 

0,57 

3,00 

14 

270  ;  94,25  : 

1  ' 

63,58 

94,25 

(v)‘ 

14 

AtflP  — 

k/W 

0.56 

3,00 

6 

i  i 

126  70,36  ! 

.  ] 

i  1 

62,37 

70,36 

(-)• 

-  Il6  - 
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Table  49.  Oscillator  Strengths  and  Absorption  Coefficients  for  Transitions  Given  in  Table  48  [51] 


Table  50.  Relative  Hue  Streagtha  and  Relative  OeelUator  Strengths 
for  the  3d'’'(*^H*-3d'’'(a<P)4p  Transltlone  In  Co  II  [52] 


K  ilti- 

plet 

no. 

Hk) 

Transition 

Sj,s 

^Inter. 

lof#/’ 

1 

2 

s 

4 

t 

c 

7 

2388.930 

a*Ft 

-tiFi 

761 

811  • 

2.53* 

2417.888 

-»*Ft 

487 

173 

1.86 

2414.009 

303 

138 

1.76 

2408.770 

— 

192 

112 

1.67 

2404.187 

aVi 

-i»^, 

164 

112 

1.67 

2378.636 

uiFt 

84 

493 

2.32 

2383.479 

atFt 

120  . 

367 

2.19 

238C.37B 

116 

240 

2.02 

2389.305 

aiF, 

—  t^Fi 

77 

123 

1.71 

2428  310 

-iVj 

81 

34* 

1.15* 

2440. 180 

■  aVj 

-  i»f  * 

120 

25 

1.01 

2436.901 

«»>•, 

-*V3 

116 

32 

1.12 

2423.045 

a«J'l 

77 

33 

1.13 

8 

2320.403 

atFi 

—  iSO, 

004 

198 

1.93 

2324.317 

aif. 

412 

170 

1.86 

2320.  l.)0 

a»>-, 

—  ^^£)J 

263 

136 

1.77 

2336.37 

a^Ft 

—  *»o, 

154 

1U8 

1.67 

23303!4(i 

a»f, 

77 

77 

1.62 

2303.838 

oiF^ 

82 

457 

2.20 

2353.446 

aV, 

—  *4t>. 

115 

326 

Z14 

2347.406 

a^Ft 

no 

217 

1.06 

2344.203 

aV, 

-  *•'/), 

77 

128 

1.74 

1  2:mMj£> 

aVj 

—  i^Oi 

5 

34 

1.15 

1  2riU.‘Aii 

•iS/, 

It 

44 

1.27 

2301.5:)0 

O'V, 

-1»0, 

1 

34 

1.15 

2280.165 

aV* 

-*»c, 

liKxi 

1000  • 

2.64* 

2307.84 

-I»C, 

762  i 

1 

704* 

2.52*“ 

*  Due  to  Interaction  between  configurations  neglected  In  the  caleu* 
latlons,  these  values  nay  not  be  In  good  agreesient  with  experlisental 
values. 

**  Log  Of  the  product  of  statistical  weight  g  and  oscillator  strength  f . 
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Tabl*  50  (Cont*) 


t 

2 

3 

■ 

4 

C 

0 

11311.602 

a^Fi  —  iV; , 

OOT 

613 

2.42 

2314.036 

tt'‘Ft  —  i‘V; , 

412 

461 

2.:.ii 

2314.97 

tt^Fi  — 

21)7 

320 

2.11 

2272.26 

tii-Fi,  —  jY;.. 

SI 

31  • 

1.13* 

2283.034 

—  i-'fJ  t 

122 

55 

l.::.s 

2293.410 

•—  1-Vi . 

120 

74 

1..M 

2301.419 

a^'Fi  —  ly, . 

. 

62 

1.13 

.  .  . 

Z'*C  ; 

3.0  , 

1.0 

1.1.1 

»  • 

tt’‘F^  —  f'y  1 

0.0 

1.0 

l.('l 

»  •  • 

dFi  — 

.'..0 

20 

J.lll 

10 

2211.411 

aJ/j—  ,S6'-. 

U 

4.0* 

O.L'il  • 

22a0.886 

aVi  —  iv:, 

0 

4.0 

0«2'i 

2198.279 

a»/j  —  j-v; ; 

(1 

0.7 

1..00 

2173.324 

a'/’s  —  f'G , 

(t 

0.2 

4.9(1 

2245.11 

flV,  —  1  >C;, 

it 

58* 

1.41  • 

2232.00 

fltf  j  _  iv;, 

i) 

13.2 

0.77 

av;-sv;, 

0 

0.03 

4.1:1 

«V,  — j’C, 

0 

5.0 

o.;:h 

11 

2106.000 

«‘>6  -  «V, 

(1 

0.5 

T.^ii 

2156.701 

I  — I’f, 

\  a»f,  — *3A. 

II 

(1 

0.01 

0.01 

3.(>6 

t.(ib 

2188.999 

a.V^  _  , 

0 

0.2 

4.96 

2181.720 

uVj  —  l-'f  , 

0 

0.01 

4.(.6 

2214.764 

aS/'j  —  2^7', 

II 

7.3 

0..32 

2200.412 

—  I'-'F, 

(1 

1.5 

1.83 

2187.044 

aiFi  —  t"f. 

0 

0.13 

4.77 

. 

«5f  J  —Z'F. 

1  • 

0.01 

3.1.6 

13 

2663..048 

//*A'4  —  iV,' 

ll 

52* 

1.79* 

2694.701 

j  _  s-v;  1 

II 

22 

O.M 

2714.470 

Wf  J  _  ,.V; 

6.7 

0..39 

. 

p>'4  —  1 

" 

2.0 

1.87 

*  •  . 

—  »V,  ; 

0 

0.1 

4..'.7 

,  —  »Y, 

0.3 

l.('r. 

.  .  . 

MA-j  —  »-.C . 

(1 

0.01 

8..'7 

,  , 

fc3fj  _  z%C, 

0 

0.1 

4.f-7 

14 

208O..372 

l>»F,  —  »y;  , 

810 

783* 

2,4.S* 

2087.225 

6  111 

285 

2.94 

2082.247 

Wf,  _  i-ir; . 

4!*'i 

317 

2.09 

2028.604 

h»Fi  -  j  Y,' , 

13 

389 

2.19 

2.041.977 

w>S  —  »y;  , 

43 

204 

1.90 

24,S.0.380 

Wf,  _  ,y;, 

1.0 

11.3 

0.(.'i 

IS 

2.\)6.474 

Pf,  _  , 

6  VI 

299 

2.08 

2.019.829 

PA'.,  — 

238 

1.97 

2025.015 

h^Ff  —  ty. 

341 

302 

2.08 

I'/iW-aio 

PA’,  —  2  Y' . 

1:1 

99 

1.'  0 

,  435 

PA',  —  2.V.. 

43 

82 

1.02 

:  i>r.f.4X)50 

Pf.,  —  zV 

4i« 

2S0 

2.18 

i  2.'>a9.418 

fc-'A'.,  —  :iA' 

1:1 

200 

l-VI 

1C 

2397.421 

/3A',  —  2*72. 

42b 

2.2.3 

1  2407.(180 

Pf.,  —  2‘/2, 

31! 

302 

2.10 

'  2416.922 

—  ;:«/;  j 

231 

228 

1.97 

i  2400.022 

<,:iA',  —  23/2 . 

43 

95 

1..3'.l 

2443.804 

Pfj  — 2./2, 

13 

81 

1...2 

!  ... 

PA'.i  —  2.1/2  , 

14 

(.76 

1  ... 

a'F,  —  23/2. 

0.37 

,♦  . 

23/2, 

If 

0.17 

,  , 

a*Vl  —  a 

h 

0.20 

—  £  */>  j 

(i 

0.2.3 

—  2'/2. 

0 

0.15 

«3A'j  —  23/2, 

11 

1.04 

•l-'A'i  —  23/2j 

I) 

0.07 

b■>F^  —  t:>l)^ 

0 

( .18 

WA’4  — 

0 

0.37 

fc-’A'a  —  25£>, 

0 

0.02 

fc3£',  -  .'-'0, 

0 

0.02 

63f,  — 1»0, 

Q 

0 

Pf,  —  2»0, 

0 

0.04 

,  , 

Pf,-.2>Oi 

0 

0.03 

•  • 

tVa-  »»/>, 

0 

0.01 

•  • 
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'T'.'-’  '-  :  i.ve  Line  and  Oscillator  Gtrenf^ths  for  the  5d*('F''i-s- 

3d®i,-'i'';4p  Iransitlonn  in  Ni  II 


flH 

no. 

1 

mm 

9 

'  1  ■  " 

Slatea 

jajAi 

*1.8 

Sinten 

• 

m 

sr 

^(A) 

1  i 

— i 

4 

j. 

1 

4 

i 

2319.0.14 

693 

(140 

2A\ 

a0M^,30 

0 

6 

o,.in 

8302, !M 

406 

433 

2.71 

aOit.1,42 

O' 

1.5 

— 0.|1 

8287,(40 

267 

286 

2.11 

16  ' 

S!()!)3.55 

0 

20.3 

O.IIK 

It 

2287, 4M 

187 

167 

l.«(i 

2006.41 

0 

2.3 

-.0.11:. 

2307;M5 

68 

22.5 

(I.6.S  , 

2138.67 

0 

44.2 

I.:i2 

2346,44 

67 

46.6 

l.:t2  i 

2090.14 

0 

8.4 

0.60 

2320,44 

07 

3.1.7 

1.19 

2076.76 

'  0 

2 

-  0.02 

2412,26 

4 

1.7 

—0,1.’. 

16  I 

20.57.88 

0 

1.3 

2210.479 

1000 

1000* 

2.*>r»  • 

1 

2080.84 

0 

3.5 

0.23 

* 

2270.208 

764 

.185 

2.21  ( 

( 

26.10.268 

0 

2.5 

-  0.02 

2264.456 

674 

310 

2.r. 

‘M 

2048.713 

0 

0.5 

-  0.72 

226.1JI56 

426 

205 

2.12 

2551.04 

0 

18.4 

0.66 

Vi 

2222.848 

69 

170 

1 

2587, 2, '> 

0 

2.5 

-  0,01 

2224.68 

91 

279 

2.1.1 

'  2510,671 

0 

262 

2.02 

0:1 

1"/; 

I,'i2 

•  2r.4.'>.903 

0 

66.5 

1.43 

2179.40 

2 

.V.1 

(),  t'( 

18 

.  2455.51 

0 

4 

0.21 

2186.0.'' 

■  6 

2(1.4 

(t.'iT 

!  2.'.rt7.«0 

0 

1.7 

-11.17 

2l0.'),r..'i 

764 

006  • 

2,  \i  • 

2410.74 

0 

0.2 

-  1.08 

2109.10 

.'4)6 

340 

2.19 

24.17.692 

0 

263* 

2.0.1  • 

2175,10 

344 

206 

2.<M( 

2473,13 

0 

5.5.3 

i.;(.5 

2184.61 

267 

297 

2.13 

19 

2387.77 

0 

28.3 

1.07 

2125.69 

69 

M.3 

0,6.1 

2433.57 

0 

12.4 

0.71 

21.96.00 

69 

-  26.3 

1.12 

2350.84 

c 

Oi 

-0.67 

2156.73 

66 

34.8 

1.21 

241.1.04 

0 

0.4 

-0.78 

2210.36 

L2^.7l 

68 

68 

.5» 

229 

0,35  • 
2.02 

{ 

2394.518 

*33 

642 

24 

319  • 

2.13* 

2201.41 

06 

183 

1.84 

»j 

241P.134 

2334.590 

444 

135 

2.20 

1.70 

2t91J7 

0 

88* 

1.62* 

-  / 

2296.553 

643 

“488“ 

ZJT” 

14 

2125,12 

0 

5 

0,37 

21 

2298.209 

476 

448 

2.29 

2083.a5 

0 

0.2 

-1.02 

2224.351 

24 

41.5 

1.27 

2174.67 

0 

427» 

2.29* 

1 

2375  426 

24 

98.5 

1.62 

2l6Ut 

0 

83 

1.58 

( 

2278.771 

476 

440 

2.28 

22 

2287.082 

333 

331 

2.16 

1 

2356.41 

24 

39.5 

1.22 

*  Due  to  interaction,  hetween  c<^lguratloas  neglected  in  the  calculatloni?  ^ 
these  values  may  not  he  in  good  agreement  with  experimental  values. 

**  i.og  of  the  product  of  statistical  weight  g  and  oscillator  strength  f. 
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Table  52.  Values  of  K  Eleetrao  Wave  Functions  at  the  Boundary  of  the 
Nucleus  [56] 


1 

U. 

* 

^■K  * 

i. 

‘h 

25  . 

0,1540 

0,98723 

0,0019973 

—0,00014624 

33 

O.lftK'O 

0,97671 

0,0035224 

—0,00023658 

41 

0,16fi77. 

0,96271 

0,00f»7705 

—0,00069685 

49 

0,17378 

0,94.' 02 

0,0088587 

-0,00138,35 

.">7 

0,17940 

0,923.35 

0,013126 

—0,0022225 

HI 

0,18110 

0,91091 

0,015671 

-0,0028470 

B5 

0,1 83.' 3 

0,89733 

0,018771 

—0,0036441 

H9 

0,18544 

0,88256 

0,0223)6 

—0,0046106 

73 

0,18747 

0,86651 

0,026476 

—0,00.' 8081 

77 

0,18963 

0,84911 

0,0,31377 

-0,0072350 

81 

0,19132 

0,8:in2.‘i 

0,037058 

—0,0090834 

84 

0,1928fi 

0,81.119 

0.045007 

—0,010708 

% 

H8 

0  |!U-.7 

0  '  1 

fi  n  1 

n  013287 

92 

0,196^3 

0,/69!(.1 

0,0.18.18.5 

—0,016432 

95 

0,19746 

0,75103 

0,0660.53 

-0,019258 

96 

0,19865 

0,73092 

0,074714 

—0,022547 

*  Values  Oj^  and  are  the  large  and  small  ecnponents  of  the  wave 
funetlcn  In  the  s  state;  Ej^  Is  the  theoretleal  binding-ener^  value 
for  K  electrons. 


Table  55.  The  Ca  Atom  [59] 


Tabl*  55*  Radial  Wave  Functions  For  Tha  lB^28^ni(n  ^/4)  States  of 
N  III  [60] 


P(4/>ir) 


Pmr) 


r(hd\r) 


0,0015 
0,0059 
0,0120 
0,0198 
0,0383 
0,0592 
0,0800 
0.1028 
0,1237 
0,1435 
0,1618 
O.T'SI 
0,2110 
0.2324 
0,2436 
0,2460 
0,2409 
0,2298 
0,2137 
0,19't2 
0,1427 
0,0828 
0,0187 
-0,0506 
— O.ioOl 
-0,1682 
-0,2639 
-0,3246 
—0,3477 
—0,3350 
—0,2953 
-0,2263 
-0,1453 
-0,0509 
0,0395 
0,2579 
0,4190 
0,5ft‘'9 
0,6349 
0,5138 
,  0,4637 
0,3988 
0,3319 
0,2653 
0,9088 
0,1231 
0,0696 
0,0400 
0,0227 
0,0121 
0.0071 
0.0031 
8.0021 
0,0013 
0,0007 
0,0002 
0,0001 


0,0000(02) 

0.0000(1) 

0,0000(7) 

■  0,0001 
0.0003 
0.0007 
0,0013 
0.(K)21 
0,0030 
0,0044 
0,00.58 
0.0073 
0,0124 
0,0189 
0.0266 
0,0354 
0.0455 
0,0564 
0,0685 
0,0816 
0,1099 
0,1405 
0,1718 
0,2029 
0,2324 
0,2595 
0,3038 
0.3:107 
O..3380 
0.3260 
0.2941 
0,2506 
0.1934 
0.1452 
0,0857 
-  0,1756 
-0,2846 
-0.4007 
-0,4681 
-0,4925 
-0,4829 
-0.4495 
—0,4000 
-0,3479  : 

-0,2934 
-0.1958 
-0,1400 
-0,0748 
-0,0444 
-0,0268 
-^0,0183 
-0,0096 
-0,0058 
-0,0034 
-0.0021 
-0,0008 
-0,0003. 
-0/100(1) 


0.0010 
0,0034 
0.0072 
0,0119 
0.0230 
0,0356 
0.0490 
0,0624 
0,0757 
0,0883 
0,0999 
0,1108 
0,1333 
0,1492 
0.1584 
0,1622 
0,1614 
0.1564 
0,1479 
0,1365 
0,1071 
0,0708 
0,0304 
—0,0110 
-0.0521 
-0.091 1 
-0,1569 
-0,2012 
-0.2206 
-0,2157 
-0.1892 
-0,1451 ' 
-0,0898 
-0.0308 
0.0361 
.  0,1815 

0,2672 
0.2975 
0,2389 
0,1990 
0,0319  . 
-0,0882 
-0,1984 
-0,2894 
-0.3570 
-0,4214 
-0,4109  , 
-0,3556 
-0^830 
-0,2139 
-0,1548 
-0,1086 
-0,0763 
-0,0534 
-0,0373 
-0,0185 
-O/IOOI 
-0,0044 
-00032 
-O^OOOO 
-0,0005 
-0,0002 


0,11000  (006) 
0.lK)00(l) 
O.ilOOO  (3) 
O.iKNM)  (7) 

o,mi 
O.'IOOS 
0,(1009 
0,iK)14 
0,0021 
0,0029 
0,0039 
0,0050 
0,0086 
0,0131 
0,0182 
0,0244 
0,0313 
0,0390 
0.0474 
0,0554 
0,015i 
0,0967 
0.1186 
0,1394 
0,1593 
0,1777 
0.2068 
0,2209 
0.2238 
0,2103 
0,1836 
0,1462 
0,0986 
a0469 
-0,0073 
-0,1372 
-20,2294 
-0,2749 
—0,2653 
-0,2112  , 
-0,1253 
■^0,0232  ~ 

0,0816 
0,1788 
0,2615 
0,3472 
0,406-2 
0,3864 
0,3331 
0,2697 
0,2078 
0,1534 
0,1097 
0,0787 
0,0527 
0,0360 
0,0130 
0,0057 
0,0036 
O/WiO 
0,0000 
0,0003 


-  U3  - 


IWble  56. 
Ca  II  [60] 


IWble  57. 
Ca  II  t60] 


TAle  58. 
Ca  II  (60] 


5e  Radial  Wavs  Funetlons  for  the  la*2ih3s  Cai:ifl04ratlaD  of 


- 1 

r 

p(M)i  ' 

P(  's/r) 

H  ^/r) 

o.ot 

.  U.OOHI 

0.40 

-0,0010 

2,00 

-0.0305 

0,02 

0.UIS4 

0.S0 

-0,0162 

400 

00361 

0.03 

0,U2I8 

0.70 

-0,0864 

6,00 

0.4317 

0,10 

0,046-1 

O.Hi 

-0,1106 

700 

0,4019 

O.U 

U.040S 

1,00 

-0,1227 

600 

00466 

0.20 

0,04  )S 

1.2 

-0,1233 

900 

0.3870 

0.32 

0.0178 

-0,0994 

10.00 

0.2270 

I0.S 

O.ltlOS 

12.0 

0,1291 

130 

0,0793 

n,o 

0,1736 

l2/j 

0.1103 

140 

0.0870 

n,5 

0.1S03 

13,0 

0.0936 

.14.5 

0,0572 

5P  Radial  Wave  Pu&otlons  for  the  1b32835p  Configuration  of 


r 

|P(3p/r] 

r 

p(>pA] 

□ 

P(  ^p/r) 

0,02 

0.0010 

0.50 

0.2037 

1.40 

0^3210 

0,04 

0.0036 

0,70 

0,3623 

1.80 

aioii 

0,10 

0.0304 

0,00 

0,3667 

3.00 

-0.2660 

0,30 

0,0634 

1.00 

.  0.2636 

5,00 

-41,4662 

0,40 

0,1614 

I.IO 

0.3761 

9.00 

-0.1619 

5d  Radial  Wave  Punetlona  for  the  Configuration  of 


f 

P(5d/r:l 

r 

?( ^/r) 

0.10 

0,0003 

_ 

0.60 

0.0322 

2.0 

0,3343 

0.12 

0,0003 

OJO 

03M2^ 

3JU 

0,364<.i 

0.16 

0,0007 

1,00 

OflhJI  1 

4.9 

0.4573 

0,20 

0.0014 

1.10 

0.0610  I 

5.0 

d45l7 

0l30 

0,0040 

1.40 

0,1394  1 

6.0 

0,3904 

0,4U 

02)063 

1.60 

U.IKM  1 

7j0 

03204 

0,50 

0,0144 

IJO 

0,19011  1 

0.0 

ai77a 

11,00 

0,0863 

12.00 

0,0565 

14,0- 

0,0240 
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Table  59*  Js  Radial  Wave  Functions  foir  the  l6i$8»38  Configuration 
of  B  I  [60] 


r 

r<>/r) 

r 

0,02 

0,0070 

140 

-0,0613 

16,00 

0,0366 

0,06 

0,OM 

3.00 

04066 

2040 

0,0331 

4,16 

5-2215 

4.00 

0.3306 

34,60 

0,0073’ 

0,2S 

5-5E 

■7.00 

d4077 

36,00 

0,0043 

0,70 

— o,oin 

10,00 

0,2015 

2640 

0,0033 

1,10 

—0jn9i 

1240 

0.1030 

11,00 

0,3403 

1.40 

—0,0933 

1440 

0.1176 

1540 

0,0006 
•  1 

Table  60«  3P  Radial  Wave  Functions  for  the  ls*28a3p  Configuration 
of  B  I  [60] 


r 

P(  3p/r) 

r 

P(  *p/r) 

F 

0,10 

04077 

1.20 

0.1934 

.5.tiO 

—0.1404  ^ 

0,16 

04174 

1.40 

0.3077 

6.40 

-0.3305 

OJO 

0,0351 

1,60 

0.3  lf» 

MO 

-04516 

040 

04470 

1,80 

O.’MOS 

13.00 

-4)4958 

040 

04937 

3.00 

0.1981 

1546 

-0.1613 

040 

0,1531 

3,00 

0,1066 

aa.68 

-OM6I 

1,00 

0.1606 

4.00 

-0.0173 

3940 

-M060 

Table  6l.  3d  Radial  Wave  Functions  for  the  Is* 2883d  Configuration 
of  B  I  [60] 


r 

H  tA/t 

r 

P(5d/r) 

f 

P(3d/r) 

1.0 

OMM 

0^7 

3.0 

0.0061 

14.0 

04303 

1.1 

34 

0.1357 

164 

0,1761 

1.4 

0,0300 

4.0 

0.1. ‘>71 

184 

6.1914 

1.6 

ofim 

54 

04170 

334 

■  0,0616 

7,0 

0,0436 

7.0 

o^ioty 

94,0 

0.0411  , 

3.4 

O.O616 

9.0 

04373 

36,0 

OJMO 

34 

Qjtm 

11.0 

04054 

38.0 

04174  1 
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Table  62.  The  Ga'*’  Ion  [61] 


r 

otate 

(4.V)*  '.Vo 

(4*4/>)  >/', 

(AsAp) ’P, 

7'(„  (O 

1 

0,000 

0.000 

O.OUU 

U.00() 

o.noo 

0.000 

(I.COA 

-0.049 

-0.060 

0.026 

—0,05.5 

0.U20 

iJ.OlU 

—0,086 

-0,093 

0,046 

—0.088 

0,037 

0.0 10 

— O.lOt 

—0,110 

0.062 

-0.105 

o.asr 

0.0',20 

-0,105 

-0.II7 

0,074 

-0.1  lO 

0.074 

0,02,0 

-0,008 

-0.115 

0.085 

— o.lul 

0,087 

0,0.30 

-0,086 

-0.107 

0.094 

— O.OsS 

0.109 

0.035 

-0,069 

—0,094 

O.IOI 

—0.1 .7(1 

0,113 

0,0)0 

— o.o.vt 

-0,078 

0.1 06 

-O.0.50 

0.126 

0,0.3 

-0,008 

—0.039 

0,116 

-  (1.(816 

0,143 

0,0(i 

0.036 

0,00.5 

0.123 

0.039 

0.150 

0.07 

0,076 

0.048 

0.127 

O.OSI 

0.153 

0,08 

0,112 

0.087 

0.128 

0,1 18 

0.153 

0,05) 

0.141 

0.122 

0,126 

U.I48 

U.148 

0,10 

0,163 

O.ISI 

0,121 

0.170 

0,140 

0,12 

0.187 

0.191 

0,103 

0.195 

0.114 

0.1 4 

0,187 

O.206 

0,077 

0,19.3 

0,079 

0,10 

0.166  . 

0.2U1 

0,046 

0,171 

0.040 

0,18 

0.131 

0.177 

0,014 

0.134 

0,003 

0.20 

0,087 

0.141 

-  n.0'2() 

0,087 

—0.044 

0,2'J 

0,036 

0.09(1 

-().a52 

0.035 

-0.082 

0,24 

0,016 

0,045 

—0,083 

—0.020 

-  0.118 

0,2(1 

-0,068 

—0.007 

—0.110 

-0.074 

-0,1.50 

0.28 

-0.117 

—0.060 

-0.1.35 

-0.124 

—0.1 77 

0,.»0 

-0.1(11 

—0,110 

-0,155 

—0.170 

-  3).20o 

0.35 

■-0,''47 

-0.217 

-0.191 

—0,259 

—0.23.5 

0.40 

-0,2115  ' 

-0,29(1 

— t).2ii.5 

—0,307 

-0.242 

0.45 

-0,307 

-OJ28 

—0.201 

-0.318 

—0.227 

O..)0 

-  0,2!K) 

-0,334 

—0.182 

-0.299 

-0.196 

o,.55 

-0,251 

-0,315 

-O.ISI 

-0,257 

-0.153 

0.60 

-0,197 

-  0.276 

-0.119 

—0.200 

-0,104 

0.7 

—0.063 

-0.160 

-0,038 

-0.0.59 

0.004 

0,8 

0,080 

—0.022 

0,048 

0.090 

0.112 

0.9 

0,216 

0.119 

0,1 2K 

0,232 

0.212 

1.0 

0,338 

0.252 

0,203 

0.368 

('(..302 

l.l 

0,441 

0,370 

0,270 

0.464 

0..36I 

1,2 

0.526 

0,471 

0.331 

0.550 

0.147 

1.3 

0A93 

0.555 

0„35i.3 

- 0.618 

0.503 

1.4 

0,644 

0.623 

0.428 

0.669 

0.549 

1.5 

0,680 

0.675 

0.467 

0.7a5 

0.585 

1.0 

0.705 

0.713 

0..500 

0.727 

0.613 

l..i 

0.722 

0.7.53 

0.548 

(•.740 

6.64H 

■J.o 

0.708 

0,755 

0,579 

o.r’2 

0.659 

2.2 

0,676 

0.731 

((..SOI 

0,683 

0,653 

2.4 

0,(161  * 

O.u  6 

0.508 

0,()35 

0,0)4 

2.6 

0.(>()l 

0.599 

0.5('2 

0,.5.M 

U.60(> 

2,.s 

0,546  . 

0.537 

0:578 

0.524 

0.571 

.3.0 

0,490 

0.47.5 

0,559 

0.41.7 

('.,533 

3.2 

0,4,3:. 

0,416 

0,535 

0,413 

(1.492 

.3.4 

0.382 

(•,.36' 

0,508 

o,o62 

0.451 

3.0 

0,334 

0,313 

0,4.80 

0,314 

(*.411 

3.S 

0,289 

0,268 

0.450 

0.272 

0.372 

4,0 

0,250 

0.229 

0.419 

0,2.34 

0..335 

4.5 

0.16‘J 

0.151 

0,342 

0.1.57 

0.253 

5.0 

0.1  It 

0,097 

0.2(1 

0,103 

0.186 

5..5 

0.072 

0.082 

0,211 

0.066 

0.134 

0,0 

0.040 

0,038 

0.161 

0.042 

0.09.5 

6..5 

0.039 

02)24 

0,121 

0,026 

0,067 

7.0 

0.018 

0.014 

o.ooo 

0.016 

0,046 

7.5 

0.01 1 

0.009 

0.066 

0.010 

0.032 

8.0 

0.007 

0,005 

0.048 

0.006 

0.022 

9.0 

0,003 

0,002 

0,024 

(*.002 

(*.009 

10,0 

0.001 

0,001  • 

0,012 

0,001 

0.004 

11,0 

(I.OOh 

(1.002 

12.0 

(),()0i 

0.001 

13.0 

0,001 

. 
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AFPEaiDIX 


Areas  of  Intensive  Soviet  Activity  In  X-Ray 
Research  not  Included  In  the  BlhUograjihy 


1)  X-ray  structural  analysis 
(x-ray  diffraction) 

2)  X-ray  spectroscc^  of 
coBipounds,  alloys,  and 
solid  solutions 

3)  Fine  structure  of  x-ray 
spectra  absorption 
(resonance  struoture, 
true  edges) 

4)  Scattering,  reflection, 
and  refraction  of 
x-rays 

5)  Photoelectric  effect 
of  x-rays 

6) .  Instrumentation 


7)  X-ray  data  recorded 
by  Soviet  satellites 

8)  Methods  of  correcting 
x-ray  spectra  for  vailous 
types  of  distortion 

9)  Effect  of  chemical  binding 
on  x-ray  spectra 

10)  Nuclear  x-ray  spectroscopy 
(the  Auger  effect. 

Internal  conversion) 

U)  Translations  of  Western 
articles  on  x-ray  spectra 
and  earlier  revievs  on  the 
subject  based  exclusively 
on  Western  sources 
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